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PREFACE 


T[1E rai)id growth of tlio aiitomobih* industry has rosullod in a 
marked increase in the number of automobile re[iair shops and, as 
tile sale of ears augments yearly, tlie demand fm* mechanics skilled 
in tJie an of caring for, adjusting and repairing aiitoniohiles will 
' continin' to grow in proportion. Then agaiji, uuuiy cars are pur- 
chase<l by peopli* in nuKlerale circumstances or others remote from 
reiiair sluips who <lesire to make tlu^ir own adjustments and minor 
repaii's. Many excellent meeluinies in other lines liave felt that the 
automobile iiusiness olfered opportunities, but were unable to avail 
tlu‘ms(dv(‘s of them (lecanse of lack of knowledge of motor ear 
coustnielioij. 

Th(‘ writer obtained much practical knowledge of automobile 
lueclmism first, hand as a repairman in the earlier days of the 
^ antomohilo industry and often felt the hick of d(‘tinite, scientific 
instructions for doing various classes of work in a practical manner. 
AVhen oiH' enmsiders that th(j modern automobile is a complex assenn 
bly of many different groups, it is not difficult to understand why 
an excellent inacliinist, for instance, may ])c unable to repair a 
starting and lighting system because of lack of clcctric.d knowledge^ 
or why tJu^ electrician, to wliom this Avork is nut difficult, may be 
unable to refit beaj’ings or time a motor valve system. The practical 
all-around .'inlomobilo repairman must not only understand macliine 
work and im'tal-wtu’king tools of fill kinds, but mn.st also j)ossi>ss 
^ some of the knowledge of the electrician, ])lumber, wood-worket, 
rubber-woi’ker, tinsmith and blacksmith. 

It is the i)nrpose of the writer to outline the vssenlials of auto- 
mobile rei>airing in a. \^y lliai Avill ])e iiridersfood by all with 
ordinary mechanical ability. IVIiich of the material will prove of 
equal value to the cliauflVu®, owner and general mechanic. The 
writer has been collecting n»tes and sketcluvs for this treatise for 
over xdeven years and has bad an exceptional opportunity to sup- 
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i Preface 

plomeiit the practical knowledge obtained as a repairman by a 
earefnl observation of tlie experienees of others. 

With the object of outlining the entire subject, the various items 
of equipment, tools and sp(‘eial appliances to facilitate repair work 
are covered fully and a concise review of tlie various mechanical 
processes, sneh as autogenous welding, brazing, soldering, etc., is 
given as wtII. JMany Tables and Fonnuhe arc inelnded p(‘rtainiiig 
to tilings the repairman sliould kmnv or have available for n‘ady 
refereiuM?. Special attention lias been given to tlic electrical system, 
because it is on this point that many repairmen and motorists 
desirr' (‘nlighteiinient. It is assumed that the reader is familiar to 
a certain extent with antomolrlle construction in general. If infor- 
mation is want<‘d on ])oints of design, etc., the reader is referred 
to ^'Tho iModern Gasoline Automobile,*’ a previous w'oi-k of I, he 
\\ ri ter. 

As many establishments are b(‘irig started from time to time to 
care for the increasing number of moUm veliicles sold, some sugges- 
tions Tor planning and ecpiipping various sized shops should be 
timely and of value to those intending to start su(*li an eniei'pj'ise. 
There arc many conditions to be cc'usidered, and no bard or fast 
rule (am be made to cover all contingencies. The e(iuij)rncnt jie(*ded 
to do work in a most satisfactory manner will vary with the size of 
the shop and character of cars repaired. Tlie w^riter will eonfino 
this discussion to useful suggestions that can be applied spcciiieally 
to the machine or other shop that specializes in repair w^ork. 

Most of tliose outlintid hav(^ no facilities for doing a garage or 
storage business, but the plans may be modified and applied to shops 
<»perated in connection with a garage or agency for caj;s as w^ell. 
WHiilo the ccpiipmeiit jiroposed is most comprehensive in the case of 
tlift larger establishment and sufficient to build all parts of a motor 
ear if necessary, the facilities may be increased or reduced as the 
capficity of the shop r4M[uires. In idaniiing.a iiowr shop or enlarging 
a business, sonit3 of. these suggestions may Ip of value, and it is w(*ll 
to note that jiroposals made for tools or eqnipmont and floor plans 
described arc based on actual experieiitc of successful sliojis. 

Tiiii Author. 
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AUTOMOBILE REPAIRING 
MADE EASY 

CHAPTER I 

.THE AUTOMOBILE ItEPATR SHOP 

Requirements of Buildinj^a TTtilizeil — ‘Lightinjr Methods — Heating’ and Ven- 
tilation — Arrangement of Departments — How Raw and Finished Stock 
Jfl iStorod — I^lanning Small Shoii — Arrangement of Medium Size Shop 
— Typical Large Service Station — Assembling Room Equipment — 
Bench Canstruction — Bench Furniture — Assembling Room Furniture — 
Pit Construction — Turn Tables — ^Lifting and Moving Appliances — ^Machin- 
ery Eijuipmemi for Small Shops — ^Equipment for Complete Machine Shop 
— Power for the Shop — Electric Power — Small Generating Sets — ^The Gaa k 
and Gaaoline Enginti — Power Needed for Various Machine Tools — ^Instal- 
lation of Machine Tools— *'rhe Lathe Types and Accessories— Shapers, 
Planers and Drilling Machinery — Miscellaneous Appliances — -Air Compres- 
sor Equipment — Fuel Storage Methods — Shop Forgo Equipment. 

The care and maintenance of automobiles is one of the most 
important bi*aiiclies of this large industry and as great advances 
have been made in the erection and equipment of establishments 
for repairing tliese vehicles as in the design of the automobiles. 
The equipment of a service station will vary from a very simple 
tool outfit of the small shop mechanic to the more expensive in- 
stallation found in metropolitan service stations. Many special 
appliances liave been evolved, especially for automobile repairing 
and special tools and fixtures have been contrived by the ingenious 
mechanic to simplify repair work. Before describing the pro- 
cesses incidental to the repair of the various^mptor car components 
the writer believes that a discussion of the equipment needed for 
repairing will prove value to those who are about to erect an 
automobile repair shop or^service station, as well as to those who 
plan ^to increase present more or less limited facilities. Several 
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18 Automobile Repaiiing Made Easy 

important points that are apt to be neglected by the average archi- 
tect in designing a garage or repair shop building will be con- 
sidered first and then the equipment of tools, supplies, and special 
appliances necessary to furnish the repair shop in a first class 
manner will be discussed. 

Requirements of Buildings Utilized. — Structures that have 
been used in another business do not always give full satisfaction 
when remodelled and equipped for motor car repairing. The one 
general fault all of these buildings have is inadequate lighting 
facilities, and they are seldom properly heated or ventilated. Large 
wooden structures formerly used for carriage or wagon shops, livery 
stables, etc., are often utilized, but these are invariably very in- 
flammable, which alone should condemn them, even if the proper 
lighting and lieating facilities Avere installed. 

Many buildings have been erected for repair shops or garages 
that are lacking in conveniences not included because of lack of 
experience on the part of architects or builders, who do not under- 
stand the requirements of the repair business. These buildings 
obviously could be improved in arrangement and even in details 
of construction by those familiar with the restoration of auto- 
mobiles and their component parts. 

Any structure used for motor car housing or in repair w'ork 
should be absolutely fireproof, which means that only materials 
having the desired qualities, such as steel, brick, stone or concrete 
be incorporated in the construction, with a minimum of wood. 
The building should not be more than two stories high, if the land 
is available, though large establishments in the heart of big cities 
will have to be three, four or five stories in height, depending upon 
the size of the lot available, the floor space needed and the prevail- 
ing prices of real estate. If it is to be operated in connection with 
; a*garage business on the same premises, the repair shop should be 
in the second story,, the storage room on the ground floor. 

In any event, the ijoint of using natijral to the exclusion of 
artificial light canitot be too firmly impressed on the builder. Me- 
chanical work of all kinds demands the^ best of light, and in those 
, buildings utilizing daylight in preference to electricity or* other 
source of illumination, not only is the work carried out better, 
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but a largo item of expanse, which must bo included in the fixed 
charges of operation, is eliminated. The best construction, and out 
that has been demonstrated to be thoroughly practical in large 
modern manufacturing establishments, is a steel framework, with 
concrete w'alls pierced by many large windows, and a sawtooth 
roof. Tlie advantages of this construction over that using ordinary 
skylights is that the sun cannot shine in directly to interfere with 
the work, as the openings point toward the north, a stronger rool 
having more openings for light is obtained, and there is no possibil- 
ity of water leaking in. What is most impoi*tant in the northern 
states, the light will not be shut out as much by snow during thi 
winter. 

It is well to remember when planning large shops having more 
than two floors tliat high structures involve the use of powder ele- 
vators, so the cars can be taken from one floor to the other, with in- 
creased overhead expense as it augments the cost of handling cars 
either in repair work or storage for which no charge can be made* 
the patron. 

Lighting Methods. — The lighting problem can be viewed from 
tw'O aspects : that of general illumination and tlie equally iraportani 
one of individual lighting. For the former, powerful, though well 
diffused lights are wanted, these being placed high enough so they 
will be out of the way and yet give as much as possible the gen- 
eral effect of daylight. The amount of illumination needed varies 
with the different departments and the class of work carried on 
therein, but in making determinations it is ahvayt best to err on 
the excess side tlian to attempt to economize at the expense of the 
eyes of the workman. This is poor economy because it reacts di- 
rectly upon the quality of the work turned out by the shop. In 
the car assembling or overhauling department, the general illumi- 
nation should approximate about 120 candle power to every 200 
square feet, w'hilc in a regular shop or ropm where the general 
lighting means is sxipiflemented by individual^ lamps at vises and 
drop lights to carry to^ the cars themselves, the allowance of 100 
candle power of general iyumination to 300 square feet floor area 
will be found ample. Machine shop lighting should always be on 
a \ery liberal scale and should not only include good general illu- 
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iiiiination l)iit individual as well. Tlie general practice 

I in most shops is to use small units and plenty of them. Thirty- 
. two to sixty-four candle power lamps or other equivalent radiants 
jare suspended over each machine tool where great accuracy of 
iwork is not essential, these including such appliances as shai)ers, 
.planers, emery wheels, arbor presses, drilling machines, etc. On 
J lathes, milling machines or grinders, where accurate cuts must be 
i taken, the individual lamps should be supplemented by ai’c lights 
I or powerful Tungsten lamp clusters, supported from the ceiling 
] and well shaded to reflect the light where it is needed. One candle 
1 power per square foot floor area in addition to the individual 
flights, which sliould be at least- 50 candle power over each tool 
1 designed for accurate work should be allowed in tlie machine shop. 
1 Where electric current is available the most suitable lamp from 
the viewpoint of steadiness, quality, and intensity of light is the 
j incandescent filament lamp using the Tungsten alloy illuminating 
( element. The flaming arc is an economical light, but it is far from 
{being steady and its color is such that it is hard to discover fine 
^lines or colors having a bluish tinge. The fluctuation in an arc 
(light and even the clicking of the regulating mechanism may be- 
icome very annoying when engaged in fine work. Many garage and 
repair shop proprietors in small towns whore there is no central 
{lighting plant find it desirable and economical to generate their 
]own current by any one of the many small individual lighting 
limits sold for this purpose using a gas or gasoline engine as power. 
"The electric current reduces the fire risk and as it is the most 
iconvenient form of energy for generating power to operate ma- 
ichine tools, the installation of individual lighting plants is justified 
{by the many advantages accruing from the use of electric current. 
] ^Where electricity is not available it is rarely possible to find 
.^ {either coal or water gas such as generated by a public service eor- 
' jporation. In many small, isolated communities it may be neces- 
sary to use acetylene gas generated on the^ premises. Some favor 
• jkerosene or gasoline vapor lamps in whicii incandescent mantles 
; iarc employed^ One impular lamp in the rural sections which burns 
j joiJ under air pressure producing a Bunsen flame capable ofdieat- 
'{ jing the usual incandescent thorium mantle is called the ‘ '"Washing- 
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ton*'* lamp and is a very <»conomieal method of lighting. It is ap- 
parent that any system of illumination that involves the use of a 
naked flame introduces an item of fire risk that is very iinde- 
sirahle in a building where the fumes of gasoline are present. 

Electricity Ls not only the safest method of lighting but the 
Tungsten lamp is the nearest to sunlight of tire artificial radiants. 
Where electricity is available it will be poor economy to use other 
means of lighting, except for general illumination as by groups 
of iucaiideseent mantle gas lamps. For individual lighting the elec- 
tric lamp is the most suitable because it is safe, compact, clean, 
does not give out much heat, is portable and can be usckI in any 
position. There is no other means of artificial lighting that permits 
one to obtain all of these desirable requirements in combination. 
Considering the relative cost of the various methods of lighting, 
tlio following table, based on the cost per 100 normal candle hours, 
will prove useful : 

Cents 


Washington light 0.238 

Flaming, electric arc 0.381 

Mercury vapor lamp 0.595 

IncandoHcent gas light D.595 

Incnude.'^cent petroleum light 0.714 

Dirt'f't <*nrrOTit electric arc 0.942 

Osrnrn, zircon and tungsten lamp 1.190 

Kerosene burner 1.666 


Tlie writer has frequently noticed the use of poor droplights 
in garages wdiich are not only undesirable because i‘f the physical 
discomfort entailed by the action of the electric current upon the 
human system, but also because of the liability of fire. The wire 
and sockets of those lamps arc subjected to very severe treatment 
and they soon cause trouble where a cheap equipment has been 
provided, b(?caiise the insulation of tlie wire jleteriorates and w"ill 
cause a short circuit whenever it comes in contact witli the metal 
part of the frame or o^f the various parts Of *thc human system 
wliich will provide a panh to the ground for thpe current. WIktc 
a current of 1 10 volts is used, there is no danger of severe or per- 
nianeiit injuries because of contact with such a '4ive wire,^* but 
^the sensation is decidedly uiipleasarit, to say the least, (\ises have 
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been observed by tJie writer where a fire has been caused because 
of such defective insulation of the wire. One case in particular has 
been distinctly impressed on his mind because he was in a pit 
beneath a car at the time of the fire. A helper was washing the 
nieclianism with gasoline, preparatory to an overhauling, and 
plenty of vapor filled the air. A partly bare spot on one of the 
wires became crossed with the frame work of the car and the bril- 
liant spark resiiltijig ignited the gasoline immediately. The car 
and pit w^ere in flames and had it not been for the presence of 
mind of another mechanic with a chemical extinguisher in dealing 
with the bhize before it assumed dangerous proportions, the results 
might have been more serious. 

In figuring on a dropliglit equipment, the best material sliould 
be obtained. It is a “penny wise, pound foolish policy to use 
materials for which the only recommendation is cheapness. The 
wire should be provided with a very heavy insulation, and need not 
be very flexible. Beware of lamp cord, as it is of no value for use 
under severe conditions. The best and lu^aviest sockets should be 
used. The WTiter w’-ould advise the use of some that had cither 
a very heavy porcelain or hard rubber insulation around them. 
Then comes the choice of i)roper cages or shields and handles. 
There are cages now marketed that are of heavy construction, the 
wire of which they are composed being nearly an eighth of an 
inch in diameter. These will prove to be the cheapest in the end. 
In assembling, it will be found best to wind plenty of electrical 
tape around the wires for the entire length of the drop. This not 
only serves as an additional insulator, but takes much of the wear 
that would otherwise come upon the insulation of the wire proper, 
and it may be easily renewed when it shows signs of wear. It will 
Pbe found well to solder all the connections at the socket and rosette, 

, as there is nothing ipore disconcciting, when a difficult or tedious 
job of fitting or adjusting is being performed, than to have a 
, “winking” light to work with, which is liable to fail at the time 
. it is needed most. ' * 

Heating and Ventilation. — It is very important that the work- 
, rooms should be kept at comfortable temperature during cold 
; weather. About 75 degrees Fahrenheit is usually considered correct, 
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though it may be lower than this if the men are engaged in active 
labor. In the machine shop where men must stand quiet much of 
the time, the temperature should be higher than in the erecting 
room, where they are constantly moving around and handling 
parts, this tending to keep the blood in circulation. It is a mis- 
taken idea on the part of some sliop managers that the men must 
be half frozen so they ^vill exert themselves more than if conditions 
were more favorable to comfort. 

This is true if the temperature is much too high, but there is 
little (lang(T of tliis happening in a large shop having considerable 
metal to absorb heat, and where the doors are opened to admit 
cars many times each day. A man cannot work w^itli any degree 
of accuracy if his fingers are numb. AVheii sliops are cold, the 
operatives compensate for this by w'earing heavier extra clothing 
that hampers their movements appreciably. What is gained in 
fuel is lost in labor, to say nothing of the effect unfavorable con- 
ditions have on the dispasitioiis of the workers. 

Of the methods of heating in vogue, the writer unhesitatingly 
recommends steam or hot water, in connection with judiciously 
placed radiators and pipes. The amount of radiator surface needed 
should be computed very accurately, and can only be determined 
by taking into account the character of the walls, number of win- 
dows, cubical contents of the rooms to be heated, the facilities for 
ventilation, the number and size of doorways and many other 
conditions best considered by a competent heating and ventilating 
engineer. The steam or hot water boiler lias the advantage of 
furnishing warm water at all times for washing purposes, and as 
the radiators may bo shut oflp if too warm, the temperature can 
be regulated to suit requirements and to secure economical and 
efS-cient heating from the fuel burned. 

The problem of ventilation is one that is of importance, though 
its character depends upon the type and constrjuction of the build- 
ings used. Repair shops are usually of large size, and have large 
space in proportion to* the number of workmen employed. In 
many cases of ground flwjr shops, this ratio is so large that no 
special provision need be rn^de, the air being changed often enougli 
» to answer 4.11 practical needs, as the main entrance is opened and 
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closed, "With a Jiumber of upper floors, eouditions are different 
and in such cases every endeavor should be made to renew at 
least one-tenth of the total contents every liour. In paint shops, 
smith, and testing or adjusting rooms where noxious fumes may 
be present, and in small rooms wdiere the num))er of workmen is 
greatly in excess of the air space available, no less than half the 
contents should be renewed hourly. The suggestions for building, 
heating, lighting and vtMililation apply to all shops. 

Building Arrangement. — As an example of the amount of space 
allowed in a building devoted to both a garage and repair business 



Fig. 1. — ^Floor Flans of Garage and Bepair Sbop. 


the floor plans of a garage located in a city of forty thousand in- 
habitants is presented at Fig. 1. This building has a frontage of 
74 feet and is 150 feet deep. The front faces a main strt^ct and is 
occupied by a sales room 30 feet square in one corner, and a main 
ofiScc of the same size in the other corner. The sales room has 
an attractive show window across the entire front, and the other 
departments are also liborall}'’ provided with wdudows. One side 
of the plant faces qn^alley extending tlie entire distance, and there 
is also an alley to the rear. This offers tluj important advantage 
of providing a situation on what is practically three wol\ paved 
streets. The alley to the north is practically exclusive and affords 
the company a chance to store many pars during the day and at 
the same time leaves plenty of room for the vehicles to move. 
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around. The plant has five entrances, tlie main entrance at the 
front, which is 14 feet wide, two to the repair department, one at 
the rear to the main garage and one in the room set apart for the 
demonstrating car. All entrances measure 14 feet across and aro 
amply high to permit the entrance of tlie largest motor truck. 
The building is of brick and concrete construction and is two stories 



Fig. 2. — ^Floor Plan of Small Repair Shop, Showing ^cation of Pit and. 

Machinery. 


in height at the front. The second fioor front is occupied by 4:he 
tire repair department and the stock room. Skylights over the 
repair department and the garage proper fprnish plenty of light 
from above. 

The floor apace on ftie main flooi*, back of “the office and sales 
room is therefore divided ^nto three sections. The repair depart- 
ment *is 30 feet wide by 120 feet long and is situated tp the rear 
of llie office. The garage proper is to the rear of the show room 
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and is 44 feet wide and 120 feet long. The repair department is 
sufflciently large to employ 18 men. The building ‘is heated by 
steam 'which is furnished by a heating plant in the basement un- 
derneath the main ofSce. 

The floor plan at Fig. 2 is that of a small building devoted 
exclusively to repair work and is suitable as a design for a shop 
"to be placed at the side or rear of a garage. This building not 
onlj' offers ample room to work on seven large cars but also pro- 
vides for a complete machine tool equipment and ample space for 
office and stock room furniture. There is but one entrance, that 
being located at the front of the plant. The dimensions of the 
building and the arrangement of tlie various departments are so 
clearly slicwn that further comment is unnecessary. Floor plans 
are also given at Figs. 3 and 4. for a medium size service station, 
-while a large departmentized repair shop is shown at Fig. 5. A 
medium size repair shop having a commendable arrangement of 
machinery and still leaving ample, space for working on a good 
number of cars is shown at Fig. 6. In many large cities it is 
necessary to use buildings having more than one story on account 
of the value of land in business or manufacturing sections 

A typical arrangement of a converted factory building that 
has worked out fairly well for a service station is shown at Fig. 5. 
This is operated exclusively as a repair shop and has complete 
facilities. The building is of brick and while not as well adapted 
for motor car repaiiing as the specially planned structure at Fig. 
€ is, it has been remodelled to good advantage. The building is 
165 feet long and 36 feet wide inside the walls. Considering that 
the building is an old one built before the days when the provision 
: of ample light was considered one' of the essentials, it is fairly well 
lighted during the day as the walls are pierced with many small 
tfindows. At night a large number of Tungsten lamp groups of 
high candle power^ furnish the general illumination. Both floors 
are divided into three’ rooms, the largest 104 feet long being used as 
. an assembling and’storage room on both flbors. On the lower floor 
there is an intermediate room 28 feet long into which the elevator 
leads that is also used for assembling^ and overhauling purposes. 
; The iremaining small room on the ground floor which is 25 feet 










Floor Plans 


27 


long is divided into three parts, one being used for an office, the 
others for stoclc and tool rooms, respectively. Nine large pits are 
provided on this floor and there is also ample bench room. This 
ground floor assembly department is devoted to work that does not 
involve taking down a car to any extent such as fitting various ac- 
cessories, tuning or adjusting engines, repairing clutches, brakes, 
axles, etc., and other work that will not lay up a car for more than a 
few days. There is a large door at one end to permit cars to enter 
directly from the street and a smaller entrance at the other leading 
directly into the passage way in front of the stock room counter 
over wliicli the patrons are served. There is also a large door 
opening into the rear of the elevator, permitting cars to run. on 
the elevator when this is in its lowest position, either from the 
shop interior or from the street. 

The upper floor is divided in much -the same manner as the 
lower one, the largest room being used for overhauling purposes, 
the d() X 28 feet room is used as a machine shop, while the small 
room over tlie office and stock room is used as a forge and tinsmith 
shop. A large skylight in the roof of the blacksmith shop gives 
nmcli needed light on the anvil and bench. There an* no pits in 
this floor but, sis is tlie case with the one below, there is an over- 
head track extending the full length of the room for trsivelling 
cliain falls attaclied to the ceiling. The equipment of the maeliine 
shop is very complete and enough tools are provided so that it is 
possible to duplicate any part of any automobile. The equipment 
shown at Fig. 6 is also very complete. 

I In the building outlined at F'ig. 6 which has been designed ex- 
clusively for automobile repair work it will be noticed that the 
saw tooth roof and the many windows make for maximum day- 
ight illumination. The windows of the saw tooth should always 
[ace toward the north to get the best light and prevent annoyance 
due to the sun shining directly in during the (Jay. The building 
rnay be of either brick or concrete and while the arraugement de- 
picted is, very good, the f)lan may be varied to suit individual re- 
quirements. It will be obse^ed that there are two main entrances, 
pne a i&mall door, leading ^irectly into the machine shop, while 
there is a hTJ'ge main door by which the cars enter the repair shop. 




Fig. 4. — ^Plan of Automobile Repair Shop Machine Boom, Showing Location of ^achine Tools 

and Other Appliances. 
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It will be noted that the office is placed in such, a way that all that 
^oes on in either the macliine shop or the assembling department 
may be seen by the executive or manager. The location of the 
«U)ck and tool room in the machine shop is. logical, as it is most 
convenient for the men who have frecpient need of sijecial tools. 
The men on the assembling floor usually have tlieir own outfits, 
whpeas tlie machinists are continually using special drills, taps, 
dias and cutters that the company must furnish. A person cannot 
enter the machine sliop without first i)assing the clerk in either 
the office or the stock room, as wickets in the w'alls of these rooms 
foj uiing the pasKsagoway open directly into tlie narrow hall pi^ovid- 
iug access to tlie machine shop. A pair of large double doors 
separates the macliine shop from the assomblying room as it is 
often necessary to move in bulky portions of automobiles for at- 
tention. In the building sliowm the boiler room is partitioned off 
from the assembly room and it is not intended to have any base- 
jnent. If a cellar is provided, however, the lieatiiig boiler may be 
placed tlicreiii and be out of the way. The equipment of the 
various departments which can be applied to any of the repair 
shops showm will now be considered in connection with the logical 
arrangement of the repair shop department. 

Arrangement of Departments. — In arranging the departments 
the layout should be for greatest efficiency and convenience. This 
applies to the repair shop as much as to the manufacturing plant, 
and intelligent study will often result in changes w-hich will ma- 
terially increase efficiency. Many shops are not profitable because 
of lack of organization and lack of system, while others are handi- 
capped because of poor general arrangement. The owner or mana- 
ger of a small shop may consider that the installation of a methodi- 
cal system for record of the cost and progress of the work involves 
' an ,^xpense that is unnecessary, and many shops are conducted by 
a hit or miss principle when simple accounting piethods and organi- 
zation of force would make them much more profitable. Too much 
system, however, is as bad as not enough, so a happy medium be- 
tween the two extremes shoujd be adopted. There should be some 
distinct«scheme of organization in every shop of any size, espe- 
cially in those which employ 18 or 20 men, and this can be advan- 
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Fig. 5. — ^Floor Flans of Large Automobile Bepair Shop or Service Station. 
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* 

tageously followed where only five or six arc employed, to the ex* 
tent of properly apportioning the responsibility and authority. 

The plan shown at Fig. 3, A, is a one-story structure with a 
two-story frontage, having a capacity for 30 cars. The building 
is about 120 feet long and 40 feet wide, divided into departments 
for convenience. The ground floor contains four departments. The 
front apartment is about 40 by 20 feet, wliicli is again divided, 
the tool room and office bdng 10 feet wide by 16 feet long, the 
machine room about 30 feet wide and 20 feet long. The rear of 
the shop is partly divided by a partition extending about 15 feet 
from the right W’all, and about 20 feet from the rear wall. The 
right back corner is i)art itioned by a brick wall into a room about 
15 feet wide by 10 feet deep, this serving as the boiler room for the 
heating jilant. The space between the front and back portions, 
about 80 feet, is used for general repairing, fur taking cars apart 
and storing cars ready for delivery. 

The ground floor has been cUvided into four parts — tlie tool 
room and ofiice, the mcachinc shop, the assembling bay and the 
overhauling room. The second story is about 25 feet deep and as 
.showm at Fig. 3, B, is divided into three parts, a stock room with 
15 feet frontage, a battery room 10 feet wide and a tire repair 
room the same size as the stock room. The entrance for cars is 
at the side of the building, and the door ox)ens into the large room 
so the machines can be run directly back into the overhauling de- 
partment, or ranged along the w'alls of the assembling room. A 
short passage leads from the small door at the side directly to the 
machine shop, though all entering must first pass the oi'iice before 
gaining admittance to the other departments. The plan showm 
can be applied only where the building is located at a corner, or 
where there is a short street or alley at either side. This form of 
construction permits one to take advantage of the whole front of 
the shop, and no space is sacrificed, as would be the result if the 
main entrance and passage were located at the front of the building. 

An office and tool roejm are partitioned from- the machine shop 
by sheathing and wire netting or .grill work, the wood of the par- 
tition being about four feetnn height, all space above to .the ceiling 
being filled by wide mesh net. Thus the tool room is effectually 




Fig. 6, ^Elevatian and Floor Flans of Medium Size Automol)ile Bepair Shop. 
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separated from the machine room, and yet all that goes on in either 
room can be seen by the superintendent when in one room or the 
other. Two partially open partitions extend the width of the 
tool room, the one separating it from the passageway, the other 
from the machine shoj). In each partition is placed two windows, 
closed by swinging screens. Along a portion of tlie side wall and 
under the stairs are tool racks, while many of the smaller and 
often-called- for tools, such as drills, taps, dies, reamers, etc., are 
carried on pyraraidical revolving racks. These racks can also be 
used to advantage for nuts, bolts, machine screws, splitpins and 
other small stock often demanded. 

The bookkeeper and clerk share a common desk ranged along 
the side wall, wliile tlie stenographer has a typewriter d(‘sk between 
the two windows communicating with the i)assagcway from the 
street. Tliis niakos it posisible for the stenograplier to w-ait upon 
customers applying at either w’indow. The one nearest the door 
permits a visitor to talk with either the clerk or bookkeeper, while 
that at the other side of the desk allows the caller to talk to the 
superintondeiit or manager, whose desk is conveniently placed so 
that he can look into the shop, keep his eye on the tools and stock, 
talk with either bookkeeper or clerk, or dictate a letter to the 
stenographer without leaving his chair. As no modern business 
is complete without telephone service, a single desk instrument 
with extension cord is placed on the stenographer’s desl?, and can 
be used by the superintendent, the bookkeeper or the clerk without 
leaving their work. 

How Baw and Finished Stock Is Stored. — The arrangement 
and type of the racks can only be determined by the nature of 
the raw and finished material carried in stock. The stock i*oom is 
directly over the office and tool room and a dumb waiter or sm^all 
elevator as well as a stairway connects both floors. At Fig. 7, A, 
is shown a type of rack that can be used to advantage in storing 
small parts, this having lower bins of larger’ size for bulkier arti- 
cles. At B is shown a combination rack for stock, both finished 
and rough, having a series of pigeonholes for tubing, bar steel 
and iuon, etc., while the type at C permits one to store sheet stock 
as well as other and less bulky articles. A practical form of racr 
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for bar iron and steel, tubing, etc., is at D, this being a series of 
cast iron members joined by through bars, so coupled as to act as 
braces. A most practical form of rack for the repair shop stock- 
room would combine the forms shown at A, li and U, the bars and 
rods being put in from one end, tlie sheet metal, fibre, etc., being 
placed in the compartments at the other. 

There is no need of mentioning the ways in which nuts, bolts, 
niacliine and wood screws can be best handled. Any stock man of 
e.\'p('rience would place these in revolving pyramidieal i-acks, or 



Fig. 7. — ^Bins, and Backs for Storing Baw Material Used in Automobile 

Bepalr Work, 


small cabinets where they can be easily reached, which permits of 
marking for ready identification. Wire, rubber hose, flexible cop- 
per and brass tubing, etc., need only be coiled and placed on con- 
venient hooks; ifipe fittings, gaskets, and small parts should be 
strung on wires and suspended from nails ; sheet packings, rubber 
matting, etc., ought to be left on the roll, and mounted on stands 
so they can be easily unrolltSd. 

A desk should 'be provided for the stock man convenient to the 
stairs and dumb-waiter or elevator. AJl smaller articles can be 
sent from one floor to the other by the elevator. The oil can be 
stored in the regulation pump-fitted •tanks, while the grease can 
be kept in the original package if bought in bulk. These* sliould 
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be stored in the tool room, as well as other stock that may be fre- 
quently cjilled for. A good place for both oil and grease is under 
the stairs loading from the lower to the upper floor. A convenient 
storage place for waste is the interior of the revolving rack on 
which the smaller tools are i)laced. 

In all well regulated shops there is a system of tool checking, 
all of the workmen being provided with small brass discs punched 
with a niimljcr by which the employee is known, one of these being 
surrender(*d to the tool boy for every piece taken from the tool 
room, and wliich is returned to the workman if the shop tool is 
surrendered in good condition. All broken tools should bo im- 
mediately reported the master mechanic or superintendent. No 
devialion should be made from the established rule, and no tool 
should go out oV the t(H)l room unless propt‘rly checked. 

Every stockroom should have two weighing machines, an ordi- 
nary spring balance registering to 20 or 30 pounds and a platform 
scale so that all raw stock boiiglit or sold by weight can be weighed 
before acceptance or delivery, and it will be found a distinct con- 
venience to liave a eerlaiu portion of shelf, table or wall measured 

in feet and inelies by which the length of wire, packing, etc., 
can be quickly determined without frequent search for a mislaid 
foot rule or yard stick. A card index and good stock numbering 
system will facilitate finding the location and i)rice of any raw or 
finished material, and this can be best worked out as the actual 
conditions demand.' If the repair shop management opcrsites a 
garage and agency in connection, spare parts for the machines 
should be kept entirely separate, and in* different racks or bins, 
and distinct from the raw material. 

Lockers and Washroom. — The arrangemeiit of lockers, wash- 
ing and toilet facilities are shown by the floor plan. The wash- 
stand may be a long cast iron sink, or.tlie more sanitary enamelled 
individual steel washbowl series placed in the^ market recently. 
Twenty places ai’e enough, but all should have separate hot and 
cold water faucets, thougll they can discharge into a common pipe. 
The location near the heater simplifies the plumbing and provides 
liot water without delay or waste. The lockers sliould he about 
•18 inches square and six feet in height, having a shelf about a foot 




Lockers and Washroom 


87 


from the top, and provided with hooks for clothes. The metal 
^rillwork construction is to be preferred to the less sanitary wooden 
structures. All doors should be fitted with locks, and the Work- 
men charged a nominal sum for the use of the key, to be forfeited 
if the key be lost. Two series of 10, placed back to back, are 
sliown, another series for the overflow being ranged kiong the op- 
posite side wall, or any other convenient place. The workmen 
regularly employed should, be given the series nearest the sink, 
while tlie extra help may be assigned those available. 

Aifsembling and Overhauling Departments. — Referring to the 
floor plan shown at Fig. 3, A, it will be seen the remainder of the 
building is divided into two parts, the larger room for light re- 
pairing, assembling and taking cars apart, and for storing cars 
awaiting attention or delivery, while tlie back room is used for 
overliaiiliiig. There is no close distinction drawn between the de- 
l>arlments, luwover, and the same general class of work is carried 
on in eitlier portion. The larger room has a cement floor, but over 
this is laid a wooden floor which runs along the,, walls, extending 
about 10 feet from cith(?r side. This room is provided "with two 
tits as shown, and directly across the floor from the entrance is 
located the washstand, so that a car can be run in and cleaned 
without interfering with operations in the shop. The object of 
the wood floors or platforms is to keep the workmen from direct 
contact wdth the cement floor, especially in cold weather. The 
side on wdiich the door is placed is used for storage, while at the 
opposit(5 side is performed the wwk upon cars. To facilitate work 
and save time several Short work benches, each provided writh a 
vise, are ranged along the walls, so that workmen do not have to 
go to,. the front or back of the shop if bench w'ork is necessary. 

An overhead track and travelling chain and tacAle make pos- 
sible the lifting of the front or back end of a car, or carrying an 
engine, gearset or heavy object from the machine room clear to 
the back of the shop, or vice versa, without trouble. A useful ad- 
junct is the travelling crfftie, shown at P"ig. 18 in.’ use, mounted on 
Wheels, wOiieh can be taken from one part of the shop to another, 
and brought to the wmrk instead of the work being taken to it, as 
is necessary with a fixed overhead track. 
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Constrnctioii of Shop Bench. — The machine or repair shopj 
bench must be convenient to the machines, and ample space shoulc 
be allowed for a person to pass between the workmen at bench I 
and machine. Four good swivel vises and two surface plates, nsj 
well as a couple of small bench anvils will serve for a small shop. | 
About five or six feet of bench room should be alWcd between 
each vise. The bench will be about two feet wide, and 34 or 36 
inches high. The logs can be made of iron pipe or castings, or of 
two by four inch scantling, while two inch planking across the top 
w’ill form a backing for another covering of seven-eighths ‘inch 
hardwood floor strips closely fitted togetlier. The average ma- 
chine shop bench of rough plank with gaping cracks along the top 
cannot be too strongly condemned, as not only is it difficult to 
work on the irregular surface, especially in laying out fine work, 
but many small parts will be last by falling through the openings 
in the bench top of the floor. A strong shelf shou , placed on 
the wall about two feet above the bench for tools, stock, etc., when 
not in use, and a heavy shelf under the bench, about 18 inches from 
tlie floor, can be used to hold the odds and ends accumulated in a 
machine shop. 

A very practical shop work bench may be constructed by using 
cast iron bench legs that may be obtained upon the open market 
as a foundation to wliich the timber and planking of which the 
bench is composed is attached. The approximate form of one (■ . 
these legs is shown at 1, Fig. 9, which also outlines the amount 
space recommended between the bench and wall for heat to rist 
and to check window draft. This .space, which should not be less 
than three inches wide will also allow water from the spriuklini 
system to reach any fire under the bench., The end view show^ 
the usual method of building and the approximate size of th-' 
planking of which the bench^is composed. The office of the cast 
iron leg is to make pos.sible a stiff bench without depending on 
the walls for support, as is the case with the usual wooden s? ' 
bench. • * 

It would be apparent that this construction lends itself Tei 
well to various factory conditions as jlie bench is a unit structur 
when built up that may be changed from phu-t! lo place withoi 
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F1& 9. — ^Methods of Constructing Shop Benches, Using Standard Cast Iron Ben<A Legs. 
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damage. The brace between the legs is just at the right height 
from the floor and is so built that it forms a basis for underneath 
shelf and bin construction, if desired. These bench legs are spaced 
not more than eight feet apart and the benches should have a 
maximum overhang of not more than one foot as shown at 2, Pig. 
9. The views at 3 and 4 show the accepted method of arranging 
the planking. The system outlined at 4 in which hardwood 
matched flooring is used is a very satisfactory one, as there is no 
opportunity for loss of small parts through gaping cracks, such 
as exist in the usual hastily constructed shop benches. The mcthofi 
of using the bench legs for support of bins or drawers is clearly 
shown at 7, while two methods of corner construction are shown 
at 8 and 10. The former shows the usual practice in building the 
bench around a projecting corner while the latter demonstrates 
clearly the system used in filling a corner. The usual end con- 
struction is outlirieu at 9. 

Bench Furniture. — The most important item of bench furni- 
ture is the machinist’s vise outlined in section at Pig. 10, A. Th(gse 
arc obtained in a variety of types a(laT)te(I for the various mechsini- 
cal trades. The vise for the automobile repair shop should havo^ 
swivel jaws and should be capable of being set at various positions 
relative to the operator by nmans of a swivel base. The form 
shown in section is the simplest type and may be used for funtish- 
■ng most of the bench space. Two or tliree of the cheaper simpler 
forms of vise may be used to each combination swiveling vise, as 
nost of the work will he of a nature to wliich the simpler vise is 
adapted. The various forms of bench vises arc clearly shown at 
Pig. 11. The Massey is a combined form adapted for pipe or 
straight work. The serrated angular jaw plates are set beneath the 
p*arall<?l ja^'s for straight work. The Prentice device is the 
combination form that may be included with advantage in the equip- 
ment of all shops.. Xt will be observed that the back jaw is mounted 
in such a way that it may be swiveled to assume any desired angle 
when an irreguldrly shaped piece is to be held by lifting out the 
locking pin A which serves to keep U:ie jaw in the parallel posi- 
tion when it is in place. In order to«wing the entire vise^-around 
without loosening the anchorage plate it is necessary to lift the pin 
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B which keeps the upper and lower parts of the base in a fixed 
position. 

Another form of bench vise that is of value when fitting small 
pieces is known as a die sinker’s vise because of its almost universal 
use by mechanics of this class. This is carried by a base piece hav- 





Fig. 10. — Some Indispensable Items of Bench Equipment. 


ing a large ball formed at the lower end held firmly between a 
pair of jaws that may be tightly clamped by^a hand-locking lever. 
As will be apparent the use of a ball and socket joint to hold the 
vise enables the operatoV to set his work in aiiy one of a large 
number of positions. By releasing the clamp lever the ball is free 
in its*socket and the vise may be set at any desired angle. 

The Columbian pattern is the old stand-by of blacksmiths and 
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'wheelTinrights, and as it is a form that is subjected to hard usage, 
the retaining clamp which is bolted to the bench in the customary 
manner is re-enforced by a heavy ball end supporting foot whicli 
rests on the floor. This form of vise is carried out further from 
the bench than the other types shown, because a blacksmith mimt 
handle long pieces of iron or steel and bend them at various 
angles. 

The use of the pillar for supporting the vise structure is made 
necessary because the work is often subjected to heavy blows in 
the various smithing operations. The Columbian is usually in- 
cluded as forge equipment and is used at the blacksmith’s bench. 

The Oswego and Saunders are forms of vises used only for 
holding pipes and rods. These employ toothed jaws which may be 
adjusted in the frame to accommodate various sizes of pipe. The 
Oswego vise frame is made in such a way that a long piece of pipe 
may be held by opening up the frame and slipping the pipe in 
place between the jaws through the opening provided. In the 
Sanndoj’s vise it is necessary to put the pii)e in end first which 
may be inconvenient when long lengths of pipe having fittings on 
it is to 1)0 handled. Of those shown, three forms should he in- 
cluded ill the equipmeut of every repair shop, these being the 
typos represented hy the Prentice, Oolumhiaii and Osw-ego. 

Another item of bench equipment of value is the straight edge 
shown at Fig. 10, B. This is a very useful tool in the automobile 
repair shop, as it- is widely used in testing alinemcnt of the various 
units, straightness of frame members or tubes and ; or nil pur- 
poses where comparison must be made with a perfectly true 
smooth and straight line. The form shown is made of cast iron 
of arch construction and witli a perforated web in order to obtain 
maximum strength without too much weight. Another item, of 
shop equipment is the surface plate which is shown at Fig. 10,* C. 
These are made of cast iron, well ribbed at the back for rigidity 
and with the top surface planed accurately. *A surface plate is 
used somewhat as a straight edge is and is a form of gauge very 
useful in determining flatoess of surfaces. The bench equipment 
also should include a variety of metal hand clamps, two forms of 
which are shown at Fig, 10. The two screw type having parallel 
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jaws is shown at D, while a C clamp is outlined at E. Clamps 
are very useful in holding parts together temporarily that are to 
be fastened by some permanent means. They are useful adjuncts 
to the bench vise and have the added advantage that they can be 
moved when pieces are to be held against members that it 'would 
be difficult to hold in the vise.- For example, in fastening various 
irons and braces to an automobile frame, the clamps are invaluable 
as a temporary moans of keeping the members together ivhile drill- 
ing for the j)ernianont bolts is going on. Jlany of the repab’ 
operations to be described call for the use of clamps as shown. 

Assembling Room Furniture. — There are a uumbor of articles 
of equipment or furniture that arc very useful on the assembling 
floor. Tliat sljown at Fig. 12, A, is a bench constructed of heavy 
limbers of .'sueh a form that it is w'ell adapted to sui)port automo- 
bile engines when these are removed from the car frame. A bench 
of this construction ivS also of value for supporting the various 
crank case components when work is being done on them that re- 
quires that they should ]>e lie*ld level and securely, Tn the 'tllus- 
tralion a portion of a crank case is showm in such a position that 
work may be done upon the bearings. The simple supporting fix- 
ture shown at B is exceptionally useful for holding automobile 
rear axles. It is of approximately T form, being composed of tw'o 
pieces of planks and three uprights w-ell braced with iron bars and 
mounted on casters so the load may be moved with but little effort. 
The form of bench used and its actual construction will, of course, 
depend upon the type of axle that is to be supported. The member 
shown is intended for torque tube axles. 

Another very useful piece of furniture is a trestle or horse 
such as shown at C which forms a good means of support for some 
of the parts when these are removed from the car chassis. A pair 
ot these trestles should be included in the garage equipment as 
they can be used together to support a front or rear axle, engine, 
automobile frame aifd other bulky objects. The form outlined is 
a folding steel cccnstruction which occupies but little space when 
knocked down* It is strong, light, and fire-proof, all very good 
features in garage equipment. The workman engaged in floor 
work is .^ten handicapped by not having some means of keeping 
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tools and small parts off the floor .When working away from the 
bench. The metal table shown at D is very well adapted for the 
individual workman’s use, as it is provided with a drawer in which 
tools may be locked and also with a substantial metal top and 
shelf on 'which w’ork may be done. Tlie table is mounted on wheels 
and may be easily moved, even when loaded to capacity. Another 
useful adjunct to the assembling department equix>mcut is shown 
at E. This is a cast iron bench having a vise attached and mounted 
on a tripod which offers a substantial foundation. There is a com- 
partment immediately below the bench top for holding tools and a 
^helf above the floor that may be utilized for the same purpose. 
The table shown at I) when fitted with a rack at the side and back 
is also well adapted for use in the forge room, as it will hold all 
of the blacksmith’s tools and cannot be set afire by a piece of 
hot iron as a 'wooden bench is. The addition of the j*ack makes it 
possible to carry tlie assortment of tongs usually found at tlc^ 
forge. 

Three forms of wheeled trucks are ^ho^vn at F, G and II. Tliat 
at F is a low framework that may be hoaivled over and used for 
conveying heavy j^arts from one (md of the shop to the otlnir or 
that can be used just as shown Jbr conveying axles, engines and 
gear boxes which arc of irn^gular form and wliich could not be con- 
veniently carried by a i>latform. The truck shown at G is made 
of pipe fittings and is used for supporting automobile frames 
, when the springs and axles have been removed. As this is provided 
'With wheels it can be easily moved with its burden as desired. 
The cast iron stand at If was designed especially for handling 
.transmission gear boxes in a service garage wdierc one particular 
make of car was looked after exclusively. As designed it was only 
suitable for use witli the gear box found in this car. By being 
.slightly modified to the extejit of having adjustable brace members 
.joining the two sides it could be used to advantage for a variety 
■ of purposes. The 'small wlieel truck shown at I is known as a 
‘creeper ’’ and sepes Jto keep the workpien off the floor w^hen 
-working '’underneath a car. This is provided with a head rest 
.^at one end and it may bo easily moved about without the wor)[man 
;:Using it getting up from his reclining position. Those trucks are 
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sometimes provided with a shelf at one side to support tooLs and 
to insure that these will move whenever the operator does. The 
various’ pieces of furniture outlined will be susceptible to various 
changes that will adai)t them to the specific work in hand, and a 
repair shop of any pretentions will be able to use all of the furni- 
ture shown to good adviintagc. 

Construction and Size of Pits. — The back shop shown, at Fig. 
3, A, has two jjits, and the arrangement of the work benches can 
be seen. At the end of the short heiich placed against tlie boiler 
room wall is a pipe vise, while at regular intervals along the benches 
are ])laced strong swivel visc*s. This bench is 30 inches deep, about 
36 inches liigli, of rough construction, and built very lieavy to 
stand abuse. The pits art' four and ono-half feet deep, three and 
one-half feet wide and 11 foot long. They arc lined with lH?avy 
])lanbiiig, and stairs permit the workmejj to doscemd and ascend 
without effort. Along the side walls of tl)e pits and about two and 
one-half feet above the bottom, two pieces of two by four scantling 
are fastened, these to support a board that may be moved from one 
end of the pit to the other, as a scat for a workman. AVith more 
general use of the motor truck it will be well to install a larger 
and shallower pit, as the mochanisms of these vehicles are carried 
Jiiglior than in the conventional touring car. Such a pit should be 
alK)ut three and one-half feet deep, four feet wide and 14 feet long. 
The edges of all pits shonhl be sharply defined, by a surrounding 
frame of two by four scantling, tliis being a guard to prevent the 
wheels rolling into the pit wdiile manamvering a car about it. 

The view at Fig. 8 show’s the depth of the pit with au operator 
standing upright and also depicts clearly the frame w^ork around 
the pit to guide the car wheels. The amount of .space allow’cd be- 
tween the edge of the pit and the workbench is also depicted. In 
some shops it is customary to have a pit cover made in sections so 
that when only one end of a car is to be worked on but a portion 
of the pit is used, the remainder being covered by one section of 
boarding to prevent the workmen at the bench from falling into the 
pit. In some shops the electric wiring is run to the pit interior and 
ends in a plug socket so tfeat a drop light or extension cord may 
be connected without the necessity of having a long length of wire 
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trailing over the floor as is necessary when the couiieclion is made 
to one of the lamp sockets over the bench. 

Turn Tables, Lifting and Moving Appliances. — In many repair 
shops where the floor area is limited or where the floor space is 
broken np by a number of posts it is often dilTicult to move ears 
abiait even under tlioir own jmwer aiid it takes ('onsiderahle ma- 
meuvering to head the car around in the oilier direction. The ideal 
solution of tins problem is the turntable in its various forms. Tlie 
simplest and cheap(».st is in the form of a small wiie(‘l truck as showm 
at Fig. IJl, having the wlu'els mounted on a swivel carriage so they 



[ Fig. 13. — ^Method of Utilizing Simple Substitute for Turntable. 


' can run im any* direction. To use this useful accessory the first 
^step is to jack up the car as shown at- A, and then run the truck 
Sunder the w’heels letting the wheels down w^hen the truck is in place, 
i The ear may be run onto the trucks under its own power at one end 
'Svhilo it is necessary to raise the other two wheels in order to use 
Sfhe Ismail truck. When four of these are used, one under each 
2 wheel, it will be possible to swing the heaviest car around without 
<niuch exertion. * ' 

‘ An objection offered to the large turntable is that a pit is neces- 
^sary in order to have these flush with the floor level, and most of 
*tho structures offered are costly. A very simple arrangement that 
'will work very well without requiring alterations to the floor is 
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Moving and Lifting Appliances 

hown at Fif^. 14. This rests directly on the floor and consists of a 
■ircular iron track luiving a number of ribs or spokes radiating to a 
'ontrfil hub wliich serves as a pivotal point for the load carrying 
•arriagc. The carriage is made up of two cliannel iron beams fas- 
ened togc'ther by a ispacer casting, iiaving at its cenler a suitable 
rearing to engage the i)ivot pin. Tliis serves m(‘rely to locate the 
(»ad carriage and is not called upon to sni)port any of the weight, 
.vhich is carrit'd l)y a ^se^es of wheels resting on tlic track and 
curely attaelied to the side flanges of the channel section beains. 
As the. height of the beams from the floor is but two inches, it is 



Fig. 14. — Outlining Construction of Pitless Tunitable. 


lo-ssible to use a pair of wedge shape planks as an appro? ch to the 
urntable. The side of the channel irons also serves a useful purpose 
)esides offering a means of securing the supporting wheels and 
pacer frame, inasmuch as they offer a guide so the wheels of the 
3ar cannot run out of their correct path. These turntables may b^ 
lecured in sizes, capable of handling any weight of car and will 
)e found an effective substitute for the more expensive built-in 
urntable. 

Two forms of built-in turntable are shown at. Fig, 15. It will 
be observed that with these ^ is necessary to make a pit in which a 
ortioif of the mechanism concealed. The form shown at A is 
built up of angle irons and steel plates and the load is curried at 
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the centre by a pivot or step journal mounted on a substantial 
concrete base and at the outer periphery by a series of rollers 
carried in supporting castings securely anchored to the concrete 
foundation. The form shown at B, carries the weight on a large 
ball bearing and has an added feature of having a catch basin for 
water and other drippings from the car at its centre, so this material 
will be conducted to a drain instead of filling the pit as is the 
result when no precautions are taken for drawing the* liquid off. 
The design shown in section at C, is a modification of the type 
illustrated at B. * 

One of the most useful of the accessories comprising the as- 
sembling floor equipment is the load-raising and supporting jack, 
various forms of which are shown at Pig. 10. The type at A, is 
a ratchet form having a single trip lever which can be set so that 
the same movement of the actuating bar will either raise or lower 
the lifting ram as jdesired. The jack at B, is similar to that at A, 
except that the lifting ram is provided with a double head, making 
it po>S8iblc to use the jack on those low axles where it is difficult to 
get the jack directly under the member to be raised. The jack at 
♦ C, is a double geared arrangement in which the nut serving to raise 
the lifting screw is turned by bevel gears worked by the customary 
lever. The tire saving jack which is shown at D, is used for keep- 
ing the wheels of cars that are to be stored for some time off the 
floor and thus relieve the tires of the car weight. These jacks have 
the advantage of being very quickly bandied and are used one under 
^ each hub cap of the car to be raised. The lifting ram may be ad- 
justed to suit different wheel heights by means of a series of ratchet 
teeth which enable the lifting link to secure either a long or a short 
hold on the ram member. In addition to the types of jacks shown, 
a number of other forms have been marketed which do not gi\e 
the quick lifting necessary for use in making repairs, but which 
are much stronger and better adapted for weight carrying purposes 
when the car is to be supported for any length* o^ time. The form 
shown at E, is composed of three substantial wooden. legs, forming 
a tripod and jointed togeth^ at their apex by angle pieces of steel. 
The lifting ram or screw may be raised or lowered by imparting mo- 
.tion to the nut resting on top of the wooden tripod. The form at P, 




Fig. 16. — ^Practical Foma of Oar Raising Jac>' 
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Quick Action Lifting Jacks 

is oomposocl of three castings, the centre one being placed under 
tlio ear axle, while the two outside Ones form the base of the device. 
The height of the load-carrying member can be adjusted to a de- 
gree by placing the clamping bolt which holds the assembly together 
through the desired hole in the lifting rarn. The form at U, is 
similar in action to that at E, except that the tri[)od is a. substantial 
member made l)y slotting a steel tube at three ])oints and then 
spreading tlie legs apart and joining them by the brace pieces near 
the base. The jack or support at II, may bo const riictr^l by fmy re- 
painnaii and is made of siii)stantial timbers. The const I'liel ion is so 
eleai’ly shown that further description should be unneecissary. 

Every repairman has occasions when it is m‘e(»ssary to take care 
of a ear which lias met with some aceidejit to the. wheels, axles ov 
steering k»iuek)es, so tJial it is imijossihle fta- the ear to proceed 
on its own wheels. Towing such a car hack to the garage is a 
tedious job if proi>i‘r pj’ovisions arc not made for supporting llu' 
injured end of the car in a si^cure manner and yet one that will 
not offer any appreciable friction. The common irudhod of i>roeo- 
dnre with a broken axle or wheel on a horse-drawn vehicle is lo use 
a heavy beam as a suj)port for tJie injured member, one end being | 
secured to the good axle, 'svliile llie oilier is allowed lo trail on the 
ground. Tliis is not a good system to us(‘, with a heavy automohile, j 
because the friction between the end of the beam and the ground ■ 
is so great that it will 1)0 a great strain on the towing car if the 
load is to bo moved for any distance. A simple emergency truck i 
wdiich is known as tbe Weaver Ambulance, and with wliicli the i 
makers claim one driver is capable of towing in n disabled car, is 
shown at Fig. 17, A. The truck and one method of using it is • 
illustrated, and the marked feature is the case with which it inayl 
he attached and removed. Besides being used lo support the fix)nt 
end of tJie car, as in the illustration, the truck may be emploj^^d! 
as a substitute for any oue of the wheels. The tongue portion is 
adjustable to suit requirements of the work to wdiieli the device* 
is af^plied. , 

Mtujtion has been previously made of the utility of a portable 
cran^ in the repair shop.* Tlicse are capable of handling a wide 
diversity of work and it* is a -practical am] not expensive sub- 
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Fig. 17 — ^Weight Oarrymg and Lifting Appliances for the Repair dhop. 


titute for ah overhead rail system. In the repair shop, for in- 
tanee, it has the spedal advantage of bepig able to get into places 
liat tJie overhead crane cannot reach. This form may bo taken 
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to the work, whereas the work has to be taken to the usual over- 
head trolley. Jt is of strong construction, and one man can handle 
four thousand pounds by its aid, picking. the same up with ease, 
transporting same, and placing it in any desired position. These 
cranes are made in various styles, tlie ordinary range of sizes 
adapted for repair shop work varying from one to three tons’ 
capacity. The crane shown at D is a vei’y substantial and strong 
form, and is shown in use lifting an engine out of a frame, at B. 
Another form of portable hoist is shown at C. This is virtually 
a high trestle mounted on wheels and well braced. Two winding 
drums are \iscd, each serving one lifting rope. Owing to the drum 
operation by small pinions and long hand cranks, the leverage is 
ver>' great, and one man may raise any load within the capacity 
of the crane. 

The need of some form of chain hoist in garages where the port- 
able crane is not used is more marked at the present time than 
was formerly the case when automobiles and their components 
were lighter than they are to-day. The rapid growth of the mo- 
tor truck industry also means that heavy pieces must be handled. 
Where it 'was formerly common practice to cast motor cylinders 
individually and in jiairs, it is pow general practice to use 4 and 
6 cylinder block castings which are diflScult to handle, especially 
in the larger sizes. 

The chain hoist also forms an important unit of all overhead 
trolley systems, as a very effective travelling crane may be con- 
trived by using a simple wheeled trolley, running on a commercial 
T-section beam and having a hook to which the chain falls may be 
attached. The Simplex chain hoist shown at Fig. 17, E, is a two- 
speed device permitting great leverage and slow speed for heavy 
loads, and greater speed, though lessened leverage, for lighter 
weight. As will be noticed in tlie ■ accompanying illustration, an 
endless chain runs over a chain wheel, which in connection with 
a pinion and brake wheel with ratchet teeth* in its outer rim 
forms ail automatic brake to prevent the load ,from descending. 

The pinion attached to the hand chain wheel drives a spur gear, 
which *is keyed to a seconej, shaft, at the end of which is another 
pinion. The last named member engages with an internal spur 
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gear, wliicli is keyed to the opposite end of the main shaft, to 
^viiich is attached the lift chain wheel. Motion is transmitted 
from the liand chain to the lift chain, and by piillinj^ on the 
liand chain, in either direction, the load is lifted or lowered. When 
hoisting a load tlie brake wliecl, with its rntcliet teeth on the 



Fig. 18. — Bliowiug Practical Use of Portable Crane in Automobile Repair 

Work. 


outer rim, rotates freely with the. hand chain wheel and pinion, 
and without resislanco, as the ratchet pawl runs freely over tlie 
teeth. AVhen the. pull on the chain whec4 ceases, tlio pawl engages 
with the teeth of the ratchet on the^brako wheel, priivimtirig it 
from running backward, and so keopyig the load suspended. 

In lowering the load the hand chain is pulled in an opposite . 
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direction, and but little effort is required to overcome the friction 
of the automatic brake, thus permitting the load to descend and 
holding the same suspended again, as soon as tlie workman stops 
pulling on the hand chain. The load can be lowered at a good 
rate of speed by a continuous pull upon the hand chain. By 
means of an ingenious arrangement of the lower block, tlie lift 
chain is locked to the chain wliecl of the lower block, providing 
the two speeds referred to, making for ftconomy of time in handling 
light Joads. Closed rings attached to a swinging frame provide* 
guides for tlie hand eliain, enabling the operator to stand away 
from under a load, ]»ulling the chain at an angle, w'ithout pro- 
ducing any apprcciahlo amount of friction or wear on the chain 
or guide. Tlio construction eliminates the ]M^ssihility of the cliain 
w'cdging between tlie wheids and guides. 

lu many shojis it is ineonvenient to provide pits by which the 
workmen may gain access to the under portions of an automobile, 
A very jii'aclical elevating device wdiioh provides plenty of space 
for working under a. car is shown at Fig. 17, V and Or. In the 
former illustration the front end is shown raised, wJiilo at (1 the 
rear end is elevated. Tliis consists of a light, inclined rninva.v* 
made of jdankiiig and timbers upon which the car may be riui. 
A pair of hollowed blocks at the upper portion ip which the wdieel 
tires fit provides a positive stop to prevent the car from rolling 
off the stand. 

Anotliei! useful devic (3 for use on the assembling floor that • 
saves considerable time when an entire end or a car is to be * 
raised, as is necessary for inspecting parts of the steering system . 
or rear axle faults, is shown at II. This is known as the "Weaver j 
twin jack, and consists of a triangular framework mounted on 
wheels and carryijig two lifting screw's actuated by bevel gears 
near the base of the triangular frame. A cross shaft carrying 
similar sized bevel gears actuates the lifting nuts on the vertical 
screws, and is in turn operated by a bevtrgear turned by a 
pinion, to which motioii^is imparted by a hand, crank. The gear- 
ing is so arranged that a large amount of leverage is provided 
and the heaviest car maj be raised without any exertion. The 
hand crank is mounted in a swivelling bracket, which makes it 
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possible to operate the jack without stooping or to fold the handle 
over entirely out of the way. As the jack is carried on a wheeled 
frame, the car may be moved around even if the two wheels on 
the axle supported by the jack are removed. 

A reader of “Motor Life” sends a description of a quick action 
lifting jack that is very well adapted for garage use, though 
too bulky to be included as part of an automobile equipment. 
This form has been widely nised in connection with racing, as an 
entire front end of a ear may be easily raised and held by the 
force exerted by one man at the end of the long lever when a 
quick tire change is necessary and where every second counts. 
The usual form of lifting jack operating on cither the ratchet 
or lifting screw’ principle would require considerable time to raise 
the wheels clear off the gi’ound, whereas the form depicted at Fig. 
19, A, w’ill do the work in 15 seconds. 

This consists of a handle or lever, 8 or 10 feet long, supported 
and pivoted between two uprights attached to the base. Under- 
neath the front end of the lever is a swinging post which supports 
the weight of the oar when in a vertical position. The size of the 
parts and strength of the lever will v&vy with the W’cight of the 
car. The base, uprights and handle may bo of wood. The base 
should be about 20 inches long and 6 or 8 inches indc, having 
the ui>rights mortised into the sides and braced with blocks on the 
inside corners. The uprights may be about 4 inches wide, both 
these and the base being of 1-inch material. The height of these 
uprights and length of the post will depend upon the diameter 
of the wheel and the amount it is to be raised. Supposing that 
the distance from the ground to the underside of the hub or axle 
is 151^ inches and that the wheel is to be raised 3 inches, then, 
allowing I 14 inches for the thickness of the base, the lei^h of 
the post will be 171/4 ineJies minus the thickness of the lever under 
the wheel. 

This post or support may be made either of wood or iron, 
and pivoted underneath the lever in aqy convenient manner so 
that it will swing freely. An iron rod with one end bent to form 
an . may be obtained from any blacksmith shop for a few 
cenfi®;'". A bearing may be formed for*this rod either, from wood 



59 


Special Lifting Jacks 

blocks or heary sheet metal attached to the sides of tlie lever 
as shown. The holes in these blocks as well as the eye in the 
upper end of the post should be large enough to take a three- 
quarter inch bolt. Another three-quarter inch bolt may be used 
to support the lever in the uprights. There ■will be considerable 
space bet'ween the sides of the post and the blocks, and this may 
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be filled by using a number of three-quarter inch washers on the 
bolt. The same method may be used to fill the space between the 
lever and the two upright pieces. 

On the top of the lever, directly above the siipport where tlie 
hub or axle rests, a sliallow V-shaped groove should be cut so 
that the axle cannot slip off the jack when raised. The underside 
of each end of the base should be rounded off so that the jack 
oan be slid over the floor of the garage without the corners catch- 
ing on projcictions. Tiie operation of raising tlie wheel is quite 
sinipl" since all that is necessary is to slip the jfUik under the huh 
or axle so that the weight will come directly in the groove above 
the support, when tlni car is raised by prc'ssing dow'u on the 
outer end of the lever. Since the supporting post swings freely 
it will assume a vertical position when the car is raised, so that 
wiien the weight is taken off the outer end of the lever the post 
tjxkes the entire strain of the load. In order to facilitate remov- 
ing the jack from the car, a small wire rope should be attached 
near the lower end of the post and run through a ring in the 
outer end of the lever. Thus when the lever is pressed down the 
post swings free and may be pulled back from under the wheels. 

The jack is shown from two different viewpoints in illustration, 
but it seems that the builder of this has not taken the fullest pos- 
sible advantage of his opportimitics. If, as he says, jacking up 
is slow and tedious work, the device as shown only eliminates the 
work of raising the car by means of the jack, and substitutes for 
it the task of prying up one wheel at a time, then putting blocks 
or some firm and stable object of the right height under the axle, 
next letting the jack down and moving to another wheel. With 
the device as constructed, it would take four different applica- 
tions to lift a car entirely clear off the floor, two at the rear axle 
close td’ each whed., and two at the front axle, near each wheel. 

It is possible te^ reconstruct the jade as outlined so this work 
may be reduced id. fwo 'applications, one for the rear axle and 
one for the. front.. Tlhis is. don^ by conatructing the jack about 
as outlined, in - dupliehte,. -fastening the two together at the 
frpnt epd'.aiid'ahio at the rear. In addition, it will be necissary 
to make Hba and stouter, for whereas the former 
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jack lifted but 700 to 1,100 pounds or higher, according to the size 
of tlie ear, this one will be rccinired to lift just twice as much every 
time, namely 1,400 to 2,200 pounds, according to the size and weight 
of the car. 

y For this reason, also, it would be well to increase the propor- 
tions all ov(!r. Devices of this sort have been built and used 
in many racing contests, in which the smallest fraction of a 
second was valuable. The device in those cases was built of 
metal throughout, light weight being of no object. When the 
signal came for a tire stop on the next round, this was wheeled 
f>out into a convenient ])osition, and wlien the car stoi)ped it was slid 
under the axle, a coujde of men jerked it down, raising the entire 
axle so wheels stood clear off the ground, and in less time than 
it takes to tell it, another pair of men were replacing the wheels 
and tires, or tires alone, as the case might be. Thestj were so made 
> with definite proportions that when fully pressed down the jack 
would stay down of itself and did not I'eqnire a man to stand and 
hold it. 

A home-made cradle, for bringing in cars having an injured 
*axle or wheel is outlined at Pig. 19, C. Jt can be constructed 
by any mechanic of average ability from odds and ends, and as 
it does not take up much room it can be stored conveniently when 
not in use, though many uses will be found for it in the garage, 
even when not employed for the purpose for which it was pri- 
maril3' intended. This consists mostly of a built-up pair of beams 
:^forming the two long sides of a very acute triangle, the third 
side of which is formed by a pair of small metal wheels and an 
axle, such as might be found on any old farm wagon or other heavy 
truck. The axle is securely attached above the side beams, which 
are fastened together at the front. About 18 inches to 2 feet 
forward of this axle a pair of vertical supports are formed with 
a notch in the upper surface large enough to take an ordinary 
rear axle. In the sketch, the side bars are mar^d B, B, the up- 
rights for the car axle Z7, the whee^ W, W, the clips holding the 
axle to the sidebars C, the forward ends E, and the tie bolt holding 
^ ..them td^ether and making appoint of attachment TB. The second 
'sketch shows the method of use ; the cradle is pmdied undeir * 
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chassis, so that the uprights catch the rear axle BA, then the front 
end E and the through bolt TB are fastened to the front axle 
FA by means of the chain C. This being the case, the rear wheels 
of the car do not rest on the ground, but the small iron wheels, G, 
of the cradle do, and the car is pulled home on these and the, j 
regular front wheels. 

The same outfit can be used for an underslung frame by laying 
a board across in place of the uprights, and resting the rear 
axle of the car on this. In doing this, the uprights must be 
removed, so the board should be made with a pair of extensions 
and this bolted in place, using the same bolts as with the uprights. \ \ 
A device of this hind has recently been placed upon the market 
by a we, stern firm, this being finished up very neatly all over, 
while the . sketch simply gives the idea for a more or less rough 
home-made cradle. 

Machinery Equipment for Small Shops. — The amount of mo .- 1 
chincry used in repair shop equipment will depend entirely upon 
the size of the shop and the character of the work it caters to. 
The requirements of the average small shop will be met very well , 
by the use of a 16-inch screw-cutting jathc, a sensitive drill press,’ 
an emery grinder or twin wheel stand, and a forge outfit.. If ail 
classes of work are to be attempted, a small shaper will be found 
very useful, as much of the work that can be done on a milling 
machine can also be accomplished on the shaper, which is a less 
costly machine tool. In all repair shops, irrespective of size, the 
lathe is really the most important tool, and one good sized machine 
of this kind sliould be included in the equipment of any repair 
shop worthy of the name, no matter how small. Practically all 
classes of machine work may be done on a lathe, as very efiicient 
attachments may be obtained on the open market that will enable 
a ma^nist to do milling, gear cutting, atid grinding on this uni- 
versal machine tool. Drilling may be done without changing the 
lathe in any way. * About the largest part to be handled in any 
repair ffiiop would be an engine flywheek, as far as diameter is con- 
cerned, rad the longest piece would^ probably be a six-cylinder 
oronkshi^ or live axle. It is not necessary to install la lathe , 
cajpable swinging 24 inches in order to have a tool available 
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'tfor TTork that would be unusual, as very effective results may 
be obtained by using a gap bed lathe which can be purchased at 
but slight extra cost over that of the regular tools. The ad- 
vantages of this type of lathe will be considered in proper se- 
quence. A lathe that will, swing 16 or 18 inches will be suffi- 
'ciently large for most shops, though it can be supplemented by 
a smaller size adapted for lighter work if the funds permit. In 
buying lathes, especially for a small shop where the machine tool 
equipment is necessarily limited, it is well to remember that small 
work can be handled in a large lathe much easier than large work 
ciin be turned in a smaller one, and where it is imperative that 
%ut one tool be purchased, it will be the best economy to install 
a substantial machine. If a drill press is included, one that will 
swing 24 inches has been found large enough to handle nearly all 
parts of automobUea. The sensiti\’e drill press is used for drill- 
ing small holes, and should have a capacity so that it will handle 
^drills up to a half inch diameter, at least. 

Machine Tool Equipment for Complete Bepair Shop. — An un- 
usually cori}plete macliine tool outfit is shown in the shop plans at 
^^igs. 5 and 6. With an equipment of this nature all kinds of 
repair work may be accomplished economically and, in fact, the 
outfits sho>vn are sufficiently complete so competent mechanics will 
be able to build an automobile witliout outside assistance. As the 
lathe is the king of machine tools, the major portion of the equip- 
ment consists of these useful machines. Seven lathes are pro- 
vided, two being ten inch swing, three fourteen inch swing, one 
righteen inch swing and one capable of handling work up to 
twenty-four inches in diameter. A universal milling machine upon 
which a wide variety of work may be done is a useful adjunct to 
the lathe. A milling machine can finish flat or irregular surfaces 
; . which a lathe cannot do unless fitted with a milling attachment.* 
It will make Woodruff keyways or straight splines, it can cut 
gears, cams and do a variety of other vroi;^ that, cannot be done 
on the simple lathe. 

A small shaper having about sixteen inches' stroke is also 
useful, because it will do much of the work done on a millii^ 
>maohine and require simpler*tools. While a millii^ machine has 
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a greater range of work and will do it more economically than’ 
the shaper, the latter can be used to advantage in many cases 
where the cost of milling cutters would be much more than that 
of making the shaper tool and doing the work besides. Both 
milling machine and shaper should be provided, if possible. Three 
drilling maeJnnes are provided, one a sensitive drill for light work,^ 
the intermediate size, a back-geared drill jiress, and for extremely 
large work, such as drilling frames, boring cylinders, axle hous- 
ings, etc., a radial drill is very useful, as it will handle any part 
of a motor car irrespective of size. A power liack .saw, two emery 
grinders, one used for roughing purposes and tlic other for tool 
grinding, and au arbor press, complete the eipupineut of this 
machine shop. 

Power for the Shop. — Just as electric current is superior for 
lighting, it also has many advantages a.s a source of power. Tlie 
electric motor is an ideal i)ower generator, because it is clean, 
efficient, economical, easily started and stop})cd, compact and capa- 
ble of standing considerable overload. It makes possible individual 
motor equipment of machine tools in large shops and can be used 
very effectively for driving the line shafting of the smallest estah-* 
lishment, because it can be suspended out of the way on a platform 
hung from the ceiling or in the smaller sizes placed on a shelf 
attached to the wall or some convenient past. Where electric 
current is not available and where it is not profitable to install 
a generating, plant, the gasoline engine is an economical method of 
supplying power. The marked advantage of electric currant is 
that it may be employed not only for lighting, but for operating 
various portable drills, polishing maehineiy, air compressors, etc., 
and it also has a great advantage of. generating current that can 
be used for charging storage batteries, which are now included in 
*the equipment of all up-to-date automobiles, as a source of current > 
for the elcetric self-starter and lighting qrstem. Where electric 
current is not availal^ from a municipal central station, a garage 
or repair shop of any size will find it more economical to install a 
generating plant and make its own electricity for lighting and 
power than to use a steam or gasolitte engine which can ^nly fur- 
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nish power and then depend upon kerosene and acetylene lamps 
for lightin(f, which naturally increase the fire risk. 

RTOftH Generating Sets. — A typical generating set consisting 
of a four cylinder gasoline engine driving a direct current dynamo 
is shown at Fig. 20. Tlie equipment is furnished in varioius sizes, 
and an outfit can bo purchased that will furnish curnmt eeou- 



Tig. 80. — ^Isolated Power Pluit for Gonoratlng Electric Ourrent. 


omically for even the smallest shop. The outfits include switch- 
boards and all necessary governing and control appliances, and once 
the engine is started it requires no further attention, as it will 
perform the various functions incidenta^o cohtrolling its speed 
and power automatically.* Intend of using the line, shaft, as would 
be necessary with a gas engine belted direct, it is possible to in- 
stall individual motor drive on the various machine tools, an 
example of vrhicli is shown at Fig. 21. Wlien one^ considers that 
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the average line shaft consumes from 20 to 30 per cent, of the 
power delivered to it in journal friction, if any number of hangers 
are used, ordf the shaft is not absolutely aligned, it will be appar- 
ent that the use of individual motor drive will reduce this power 
loss appreciably. "When only two or three machines are to be 
driven, it is, of course, more profitable to drive these from a short 
length of shafting tlian it would be to provide a separate motor 



for each machine tool, as one motor may be made to serve them 
all where the power requirements are not great. 

The writer does not mean to imply that the internal com- 
busttioA ..motor in its various stationary forms is not adapted for 
power delivery in small units, because many repair shops, some 
having, a very complete equipment, obtain their power directly 
from ah. oil engine which is the most economical of the various 
poWei^generating units. When a generating set is used it is 
to use an emgine of greater ^ower than would be^ieeded 
if .belthd directly to the shaft line, W as in most installations, 
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the electrical current is to be used for lighting as veil as power 
if is, of course, necessary to provide an actual surplus over the 
power needed to run the shop in order to furnish the current for 
illumination. 

As practically all automobile mechanics are familiar with th^^ 
explosive motor, owing to its almost universal use as a prime 




rig. 23. — Outlining Method of Installation of Stationary Cas or Gasoline 
Engine for Shop Power. 


mover in automobiles, it is reasonable to expect that many isolated 
repair shop oivners will avail themselves of the opjmrtunity to‘ 
use a source of jiower with w^hich tlieir workmen arc thoroughly 
familiar. A ohe-cylinder vertical engine adapted for stationary 
pow*ir is shown in section at Fig. 22. Two large flywheels are 
i^ed to insure steady running, and the power generated may be 
delivored the shop Bne shaft by Jlirect belt conneetiou between 
the'engin^ulley and a corresponding member on the shaft. 
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method of installing a horizontal engine adapted for stationary 
power and the provisions made for cooling the cylinder and dis- 
posal of the exhaust gases are so clearjy shown in Fig. 23 that it 
is unnecessary to describe the installation further. For the very 
^mall shop using but few machine tools, it isliot necessary to use 
the type of cooling system required by the larger powered en- 
gines, as the two or three horse-power necessary to operate a 
small lathe, drill press and emery grinder can be delivered jeco- 
nomically from the 
simple hopper cooled 
fyngine, such as shov^m 
at Fig. 24. 

Where a gas or gasr 
oline engine is used for 
power, it is necessary 
provide a substan- 
tial foundation com- 
posed of masonry and 
concrete as shown at 
'4^ig. 23, or of heavy 
timbers as shown at 
Pig. 22, in order to prevent excessive vibration of the floor. If pos- 
sible, the engine bed should not i^t on the floor, but the foundation 
should be carried down to solid earth. The smaller hopper cooled 
engine of two or tltree horse-power may be bolted directly to the 
fihop floor, as these will not vibrate enough to be ob;'ectionable. A 
marked advantage of an isolated generating set such as shown 
at Pig. 20 is that it may be housed in a structure s(‘parate from 
the repair sliop proper, reducing the first risk, w^hereas, where an 
^engine is belted directly to tlie line shaft, it is usually in the^ 
' tjame building as the machinery it drives. 

One of the important advantages accruing through the use of 
a gas or gasoline engine is in the economy of this* form of pow’^er. 
If an engine is used capable of running on fuel oil instead of 
gasoline, tliex'e will be a marljed saving, and the absolute limit in 

r the low *cost of power production will Kaye been reached, the 
only forms of power showing to better advantage being those de* 



Fig. 24.^Gas Engine Suited for Small 
Repair Sbop. 
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rived from natural sources, such as -wind and water, neither .of 
which can be applied universally. The table of power cost pre- 
sented herewith shows the relative expense of various forms of 
power among which are included three forms of steam engines, the 
gas engine using manufactured or natural gas, the internal com-^ 
bustion motor using gasoline, the electric motor and tlie oil en- 
gine. Where the power requirements arc not severe, tlie gas or 
gasoline engine in the smaller sizes will not jprovc so expensive 
to operate as to call for the use of an oil engine which is not as 
easily started or kept in operation as the forms burning gas 
derived from the various gas-producing methods or by the vapor-j 
ization of volatile hydrocarbons, such as gasoline. . 

TABLE OF POWER COSTS 


Type of Power 

Kind of 
l^el 

Price of Fuel 

Fuel Consumed per Horse- 
power per Hour 

Cost per Horse-Power per 
Hour 

Cost per Horse-Power per 
Year of 300 l^ys, 10 
Hours per Day 

Cost of Generating Elec- 
tridty, per Kilowatt Hour 
(Generator Efficiency 89H 
per cent.) 

’ll 

0 5^2? 

F" ■ 

Steam 

Simple Engine 

Bituminous 

Coal 

58.00^ 
per ton 

8 pounds 


$36.00 

$0.01800 

$27.60 

Steam Compound " 
Non-Condensing 

Bituminous 

Coal 

$3.00 
per ton 

5 pounds 

$0.00760 

$22.60 

$0.01126 

$14.10 

' Steim ComiMmnd 
Condensw 

Bituminous 

Coal 

$8.00 
per ton 

3 pounds 


$13.50 


$ 6.10 

Gaa 

Engine 

Illuminating 

Gas 

$0.76 per 1,000 
cubic feet 

18 cu. t. 

$0.01860 

$40.50 

$0.02026 

$32.10 


Natural 

Gas 

$0.30 per 1,000 
cubic feet j 

12 cu. ft. 


$10.80 


$ 2.40^ 

Gasoline 

En^ne 

Gasoline 

• • 

$0.12 per 
gallon 

1 pint 

$0.01600 

i™ 

$0.02260 

$86.60 

ElOctrleity (Motor 
EfBeieiicy 

85 per cent.) 

• 

$0.02 per 
Kilowatt Hour 

878 

w-kw. 

1,000 

yo.dueo 

$62.60 


$44.10 

OllEngma ^ 

Fui.oa . 

|0.02«Ji« 

gauon 

■ 1 pint 

• 

$0.00280 

$ 8.40 

$0,004^ 

e 

— / . 
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Energy Consumption of Machinery 

Power Required for Machine Tools.— The amount of power 
to be provided in a repair shop depends entirely upon the diar> 
acter and number of machines to be driven. If a line of shafting 
is to be used to turn the machinery, and especially if there arc 
individual countershafts for each machine, as is needed for most 
machine shop tools, it will be necessary to double the power re- 
quirements of the tools used, as given in the accompanying tabu- 
lation, to take care of loss of power through belt slip, journal 
friction, lack of machine alignment and other causes. The figures 
given are taken from the best meclianical authority and are an 
average of some widely different estimates for the same class of 
machine. 

Energy Consumption of Common Machine Tools 


Machine H. P. 

Sensitive Drill ,32 

Back Gear Drill Press (20'^) 42 

Back Gear Drill Press (30") 45 

Hadial Drill (medium size) 1.12 

14" Lathe 26 • 

16" Lathe 38 

24" Lathe 44 

30" Lathe 65 

Speed Lathe 15 

Milling Machine (sinaJl) 19-.29 

Milling Machine (large) 83 

Shaper (14") 35 

Shaper (24") 52 .70 

Planer (small) 00 

Planer (medium) 50 

Tool Grinder (one wheel) .97 

Tool Grinder (two wheel) 1.15 

Heavy Boughing Grinder (two wheel) J.90 • 

Polishing Stand (High Speed) 1.00 

Power Hacksaw (12" to 14") 06 


Installation of Machine Tools. — The placing of the machinery 
will depend entirely upon the ideas of the master mechanic and 
the best^method of installing* line sbaftiug will, of coarse, depend 
' upon the character of the building and the materials of which the 
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wall or ceiling to .wliich it is attached is constructed. If the > 
floor space permits, the machinery should be arranged so that all 
may be driven from a single main line of shafting. It is well 
to remember that a reduction of the length of the shaft and the 
number of hangers for its support decreases journal friction and 
consumes less of tlie shop power. If the machines are on the 
ground level, as is the case with most small shops, the floor may 
be ma^e of heavy planks, attached to substantial beams laid over 
a foundation of cinders or well grouted crashed stone. A floor of 
cement should always be planked over because the wood flooring 
is much easier on the feet of the workmen. It seems almost 
unnecessary to mention that a perfectly level floor should be 
sought for. It is imperative that the floor be substantial enough 
so it cannot vibrate and have sufficient strength so it will not 
deflect under the weight of the machine tools. There is some 
danger from tliis source, if the machine room is placed on an 
upper floor of a converted building that has not been especiallj) 
constructed for automobile repair work. All machinists and mill- 
wrights agree that the foundation for the bed of a machine should 
have no deflection, if the life of the machines and the accuracy < 
of the work performed upon them is to be given consideration. 
The problem is considerably simplified when one considers that 
in automobile repairing, machine tools of great weight are not 
tised, so there should be no difficulty due to either floor vibration 
or deflection in any brdinarily well constructed building. 

The floor plans presented at Figs. 3, 4, 5 and 6 inclusive show 
logical arrangements of machine tools that can be followed to 
advantage. The lathes, milling machines and shapci-s should -be 
iiuttalled where there will be plenty of light upon them, and it 
)s well to group all lathes together, if possible. Drilling and 
borilfg machines must be installed with ample floor space around 
them so tbe large woric can.be handled to advantage. Ample 
room should be alldwed around each individual machine, and there 
should be sufficient space between the Jt>enches and tools to allow 
the workman at the bench to pass between the operator at the 
madune and the bendi with room .|tq. spare. An ideal. method 
of ; installing an electric motor, if this is used as a source o^ 
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Fig, 264— SUn^Kfl FonuB of Xib^ub. 
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power, as would be the case in any city or town where central 
station current was available, is to support it on a stout platform 
suspended from tiie ceiling at any convenient point and to make 
a direct belt connection with the main driving pulley of the line 
shafting. The proportions between the motor armaturO pulley 
and that on the line shaft should be such that the speed of the 
shafting will not exceed 300 R. P. M. The switches, starting 
rheostats and fuse blocks should be placed on one panel at a 
convenient height on the wall. As an electric motor needs but 
little attention, in some shops it is hung directly from the ceiling, 
i.e., the base is securely attached to the beams by lag screws. It* 
precaution is taken to change the location of the lubricating oil^^ 
wells under the main journals, a motor can be opoi^ated just as 
well upside down as in any other position. Where central station 
current is procurable and but few machines are used, the indi- 
vidual motor equipment docs not have the advantages in a small 
establishment tliat are presented in its favor when used in the larg(/'^i 
manufacturing enterprises. While an individual motor for each 
maeliine eliminates a large amount of overhead shafting, belting, 
etc., and conduces to a lighter and cleaner shop, it is doubtfu^V^ 
if the advantage of rendering each tool or machine indcpeiideni 
of the others as regards power w^ould compensate for the cost of 
such an equipment. It is doubtful if individual motor drive would 
be an economy in the repair shop if one considers that most com- 
panies supplying current make a fixed service charge, this being 
figured so closely that it is almost as^cheap to keep a low power 
motor going all day as to keep shutting it off and on or using ^ 
varying number of smaller motors Jiaving in the aggregate some- 
what loss jmwer. Resides, in a repair shop of any size, it is not 
, likely Unit there will be any lull in the work, and power would 
bo required from morning to night, % 

The Lathe, Types and Accessory Equipment.~Two very simple 
forme of lathdh which are better adapted for the private garage 
rejiair shop than for general work ar^ shown at Fig. 25. That at 
A is a foot power machine that is capable of doing very fine work, 
and that is well adapted for expe1t*irnetital and light repair pur- 
poses. It will swing nine inches *and has a space of 25 inched* 
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between centers. ^ The tail stock can be set over for taper turning, 
and a swivel tool carriage permits a wide range of ivork. It is 
provided with a lead screw and is suitable for thread cutting, 
Tli(?^thc at B is a small speed lathe that is shown with a tool 
^ rest adapted for hand-turning tools. This can be replaced by the 
usual form of cross slide rest, making it suitable for metal turning 
work. A small lallje of this nature is included in many repair 
shops for w'ood turning and is often fitted with a drill chuCk and 
used in place of a sensitive drill for light drilling. A machine of 
this kind is iii<‘xponsivc and very nseful. The light screw-cutting 
t lathe shown at A is also funiisiied with a countershaft, making 
it suitable for ])()wer drive, though a surprising quantity of accu- 
rate work may be aceomplisbed without unduly fatiguing th(‘ 
operator, if the foot power form is utilized. 

All lathes, with the ])Ossible exception of the speed lathe^ iji 
^ order to be tlioroughly practical for repair sho[>s, should have 
screw-cutting attachments, elevating conif)Ound rests, hollow spin- 
dles and a f:food outfit of auxiliary attaelimenls. Several sizes of 
^chucks and face ])latcs, and a steady rest and back rest for long 
^Avork, should also be provided. A lathe that will cut from four 
to forty threads per inch has sufficient range for all ordinary 
shop work. A number of different designs of lathes of latest 
pattern suitable for repair shop use are shown at Fig. 26. Thai 
at A is the conventional form of engine lathe that has been so 
universally applied in the machine shops of the world. It is back 
-geared and provided with a complete set of gears for screw cut- 
ting. The difference between this lathe and that shown at B is 
in the change speed gear box provided, by which any desired 
speed of travel of the carriage may be obtained by merely shifting 
a lever. In the form showm at A it is necessary to remove tl^ 
driving and stud gears, and in some cases the lead screw gears, 
and replace them with others for varying clasjses of work. In 
the form at B any desired gear ratio within the, range of the 
tool may be obtained by 1:he simple movement of a gear-shifting 
lever. • 

The lathe at C is a gap bed type, one of which should be in- 
' eluded in the equipment of practically all repair shops, and if 



76 


Automobile Repairing Made Easy 



Tig. 26. — OatUnlog Fritetleal Dalgiis of Laihos for AntomobUo ^palr 
. . Shop T7W. 


only one lathe can- be purchased this should preferably be of this 
type. The gap in the lathe bed maizes it possible to swing, much 
larger work than Wotdd be possible jn either of the forms sK(#wn. 
at A or B, and a well designed gap bed will not be appreciably 
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iiveaker than tbe solid be4 form. All ordinary work may be 
handled on a lathe of this form, and in addition, the out^f-tbe- 
ordinary jobs, sneh as machining a flywheel, facing sl large clutch 
cone or plate, etc., can be accomplished when desired. 

A complete outfit suitable for most of the requirements' of 
garages and general repair shops, which sells for approximately 



Ftg. 27.--Typical Scnw Cnttlng Engine Xiathe with Complete Equipment 
Adapted for Automobile Repair Wo^k. 


$200, is shown at Pig. 27. This includes a 13-inch swing x 5 j4-foot j 
bed, back-geared, serew-eutting engine lathe. It is provided with 
automatic longitudinal andjicross feeds. The cone pulley has four 
steps for a two inch bel^. The ratio on the back geating is 7 to 1. ' 
The tail stock is cut away to^pemit the compound rest to be swung 
aroqnd to 90 degrees, and is fitted 'with a sleeve, bofed to opnform 
to.^rse taper No. 4, add has a self-discharging.' center. The tail 
e^oisik may be set over for taper turning. The cross feed screw has 
a gtf^uated collar so the feed may be regulated to one-thousandth 
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of an inch. Change speed gears are furnished to cut threads from 
5 to 36, including HV/z pipe thread and one extra compound 
gear to cover all special threads from 3 to 72. The special garage 
equipment consists of tlie parts outlined in illustrations. These 
are large and small face pla'tcs, follow rests, steady rest, com- 
pound rest, centers, wronclies, full set of change speed gears, 
double friction countershaft, four jaw iii(iei)endent chuck, drill 



Fig. 28 .-- Useful Lamp Supporting Bracket for Use on Latke. 


chuck, set of lathe dogs, and a set of tuiming and boring tools. An 
equipment of this nature is not only practical, but if the complete 
outfit is purchased the garage man is ^ure of obtaining a practical 
machine tool for all ordinary repair work. The outfit shown would 
be the same regardless of the size of lathe purchased, except that 
the auxiliaries, such as face plates, oHu^ks, and tools, would be 
all properly proportioned for the machines they were to be used 
with. In purchasing a number of lathes it is not necessary to 
,buy a full equipment for each lathe. *For instance, two chucks 
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Fig. 29. — Useful Appliances to Facilitate liathe Work. 

and two face plates w'oiild be enough foi’ four lathes if these were 
of the same size. The follow rest and steady rest, which are jnot 
used continually and forming the part of one lathe outfit, would, 
of course, he suitable for any others of the same pattern. The 
various types of lathe to(^, chucks, etc., will be considered more 
at length in the next Chapter, which deals with the small too; 
equipment of the shop. , 

A lathe is not complete without a number of additional con 
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veniences, such as shown at Figs. 28 and 29. Th6 importance 
of proper illumination of the work is apparent, and this may be 
assured by using a universally jointed incandescent lamp support 
such as shown at Fig. 28. The universal joints make it possible 
to set the lamp at any desired angle and at any point that is most 
convenient for the operator witliin. a wide range. When cutting 
resisting materials, such as the alloy steels used so widely in auto- 
mobile construction, as well as when taking roughing cuts, the 
lubricant container shown at Fig. 29, A, is of value, ns it not 
only is capable of ready attachment to the lathe carriage, but will 
direct a constant stream of lubricants or cutting compound on the 
point of the tool in order to prevent it from becoming overheated. 
As the container is supported by the carriage, it must move in 
proper relation with the cutting tool. The rack shown at B is 
an important adjunct, inasmuch as it provides a place for holding 
the machinist's tools where they will be accessible and yet out of 
the way. The base of the rack is designed to fit the lathe shears, 
and will keep various w'renclies, files, etc., out of contiud with the 
lathe ways. A drawer is provided, which may be locked, in which 
the machinist can keep his finer tools, .such as the micrometers, 
calipers, etc. Anotlicr adjunct to the latlie is the tray mounted 
on a wheeled stand shown at C, designed to be placed under the 
lathe bed to catch chips and borings of metal and keep these 
from tlu^ floor. Its construction is very simple, and as it is made 
entirely of metal, it is durable and fire-proof. The various articles 
of equipment outlined are marketed by the New Britain Machine 
Company. 

Shapers, Planers, and Drilling Machinery.—Both the shaper 
rand planer remove metal from flat surfaces, whereas the lathe is 
' essentially a tool for macliining cylindrical surfaces. In the shaper, 
I which’* is shown at Fig. 30, A, the work is mounted in ,a fixed 
I work-holding vise, while the cutting tool is carried in a tool post 
\ mounted at one end pf the reciprocating shaper bead. The work 
[may be moved laterally by hand or (j|K)wer feed, while the tool 
fmay be raued or low'eired to get the deptli of cut by the lever C. 
I The toQl pbst.is mounted on an index so that it may be set aj; any 
ldeEire4 .a^le. As previously stated, nftich of the work that can 
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bo done on niilliiig: nUiehiiies can also be performed on the shaper 
with less expensive tools. 

The planer, an example of whicli is sliowji at Fifr. 30, B, is 
better adapted for handling large work than tlu^ shaper. In a. 
planer the tool is fixed relative to th(3 work, except as relates to j 
vertical or lateral IVcds. The tool is clamped in the tool post E, 
wliieh is provided wilh an index fixture similar to tliat of the shaper 
and a hand feed leaver for setting the deptli of (‘iit. The tool 
post carriage may be moved up or down on the supporting stand- 
ards by means of a hand erank whieli opiTides tiie. bevel-raising 
goal's. The work to be maebined is seeuri*d lo the jilaner bed, 
or ])laten B, wliirb slides upon the ways maebini'd in tlie bed A . ' 
As will b(5 evident, tbe w'oi'k is brought against a fixed eultiiig tool, 
whereas in the shaper the work is fixed and the eulting lool recipro- 
cali’S over the. work surface. A plan(*r is useful in machining 
large objects such as motor crank cases, gear boxes and machining 
the flat surfaces on cylinder castings. 

The drilling machinery provided should include a back-geared 
drill press having a table capacity to swing 24 inches. A typical 
machine of this nature of good design is shown at Fig. 31. Ther- 
tool slionld be back geared, meaning tlnit the sjiindle speed may 
he slowed down for handling large drills or doing h(?avy wwk. 
It should have both hand and power feed and a table adjustable 
for both height and position. In the niachino shown the table may 
be swung entirel}" clear or off to one side and large work supported 
directly on the base which is provided with slots capable of taking 
T-bolts. The siiindle which holds the drills may be raised by a haiid^ 
lever for quick feed, by a hand wheel acting through worm gear- 
ing for slow feed and by level gears for power feed. The spindle 
flriye shaft is provided with a keyway and passes through the 
main drive bushing which is driven by bevel gears at the top of the 
column. A drill press may also be used for boring and will handle 
large work that csftinot be conveniently supported in a lathe. 

A large variety of milling work^ban also be done if a milling 
machine attachment such, as shown at Fig. 32, A, is provided, 
has a circular base about 12 inches in diameter an4 ^ table 
16^2 inches long x inches wide. A longitudinal feed of onp ' 
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Fig. 31, — ^Medium Size Back Seared Upclglit SiiUlng Mactaina 

'« 

foot and a cross feed of f inches is provided by the fixture itself, 
which can, of course, be inoreased somewhat by swinging the drill 
table. The table of the srttachinent is provided with slpts for 
* three half-inch T-bolts for clamping work, and the vise jaws pro- 





. ^ Fig. 32. — Practical Machine Tools for Small MacWmi Shop. 

to at least three-eighths of an inch in diameter. The table should 
be adjustable up 'of down and sideways, the arm should swing to 
the right or, left and should be of the type that permits one to put 
either a V-block or cup to support bar stock iiv its place. A light 
fom of sensitive drill that is suitably for use on the work bench 
‘arid which is electrically operated by a small motor is shown at' 
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Fig. 32, B. A variety of speeds is obtained owing to the friction 
drive. The starting rheostat and switch are mounted conveniently 
on a base permitting secure attachment to the bench. . 

Among the smaller appliances that arc comparatively inexpen- 
sive and yet very useful may be mentioned the power hac^aw, 
which is not only simple but consumes very little power and is 
automatic in action after once being started. It occupies but little 
floor space and is very useful in cutting pieces from bar stock, such 
as steel, iron, or brass more than an inch in diameter. A typical 
power hacksaw is shown at Fig. 32, C. This consists of a frame, 
reciprocated by a crank, which imparts its motion to the saw 
frame through the medium of a connecting rod. The crank is 
turned by a pulley which is usually belted direct to a very small 
pulley on the line shaft and which turns at a speed considerably 
lower than that member. The feed. is automatic and may be varied 
by altering the position of the weight regulating the amount of j 
pressure with which the saw bears against the "work. The piece ! 
to be cut is securely held in a vise attached to the bed of the ma- | 
chine which is supported on cast iron legs in order to raise it to a ; 
convenient height from the floor. A simple trip is provided, so \ 
that when the piece is sawed through, the drive will bo interrupted 
and the saw frame will remain stationary. j 

An arbor press of large capacity is almost a necessity, and in - 
even the smallest shops some kind of a press is essential for making . 
force or press fits, removing parts forced ottj straightening bent ' 
axles or txibular hpnmngs, and for removing arboi i from parts ma- ' 
chined on the lathes or millers. A«pre8S capable of exerting 10 , 
to 15 tons pressure will be- sufficient to cope with any work brought 
into the ordinary shop. One or two smaller arbor presses can be 
used to advantage and should be mounted directly at the ends, of 
the large lathe beds, these serving to straighten small parts, such' 
as vralve stems, etc., and to, do light work in making force fits, and 
in inserting and removing arbors from all wdr^ in 'whieli these are 
necessary. • 

A number o& different designs of arbor presses are shown at 
Fig. *83. That at A, has a ^distance between screws of 20 inches and 
a distance between the head and tabl^ of 36 inches. Its capacity 
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is one hundred thousand pounds and it u'oighs 870 pounds. It is 
a very conveuieut jiress for use in the automobile repair shop and 
its construction niahes it specially well adapted for pressing sliafts 
into and from pulleys, flywheels, gearlmbs, etc., and also for 
straightening automobile shafts. The engraving shows the eon- 



Plg. 33, — Showing Construction of Arbor Presses and Shaft Straightening 

Machines. 


Btruetion and principle of operation of the machine very distinctly. 
Two large guide scrqws rise from the table tipon which the cross 
head is adjustably supported, as it has two semi-serew nuts and 
toggle mechanism by which the cross hea& is held fast or released 
for vertical adjustment. The cross head is balanced by weights, 
■as shown, and a steadying bar connects tiie press cup with the’preas 
screw. A/, spur-toothed ratchet wheel is fixed on one end of the 
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press screw, this Ix'ing embraced by a forked lover head fiilcriiTncd 
to oscillate un ihe press screw. A double acting spring pawl en- 
gages the t(‘e1h of the ratchet, and a hand crank is allached to tln^ 
press screw in order that it may be raised or lowered quickly, if 
desired. After tlie object has been placed in the press, the cross 
head in w’hicli tlui central screw is mounted can b(? instantly dropped 
to tlio work, and with a few turns of the screw the r<*quired pros- 



Flg. 34. — Arbor Ptess Design of Special Value in Automobile Repair Shop. 

sure may be applied. An important saving in time is thus effected, 
compared with the method where a number of blocks must be 
})laeod on the bed plate to raise the object sufSciently to be acted 
on by the press screw. Tapering squared sockets are provided in 
each end of the pawl carrier to permit the introduction of the long 
bars, shown leaning against* the press base, which wdll provide a 
very great leverage on the screw. The small arbor press shown at 
'C, is of the Oreeuerd type and is intended to be placed on the lathe 
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shears where it will be handy to the operator. Such a press is very 
useful for small work. - 

For straightening shafts a special form of press is provided 
which is superior for that work as it is designed for it. A typical 
shaft straightener is shown at Fig. 33, B. As will be noticed, it is 
very similar in construction to an arbor press, except that the base 
is provided with a slot in which V-blocks are placed to support the 
shaft. Another V-bloek is attached to the end* of the screw and 
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Fig. 35.— Electrically Operated Grinding Attacluneut for Lathe Tool Post. 

bears upon the shaft. In order to ascertain if the shaft is properly 
straightened, a pair of centers are mounted in front uf the press on 
a long bar attached to its base. As a shaft must be placed on . 
centers a number of times in straightening in order to observe the 
progress of the work, the combination shown, is evidently superior 
for tbe purpose. With the usual form of arbor press the shaft must 
be taken to a lathe and sw'ung between the centers after each press- 
ing operation. The process of shaft straightening is a comparatively 
simplo one, as it is revolved on centers and the high spot indicated 
by holding a piwe of chalk against the shaft surface. The high 
spojt is then placed directly und^he press screw and the pressure 
brought to bear against the ShafPwiUtend to straighten it, owing 
to its two point support. , • 

, Another vety good form of press for repair shop tisc is shown at* 
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Pig. 34. At A, the metho<l of T’embviiig gears from a shaft is shoTra, 
while at B, the press is depicted straightefiing a shaft. The press 
is easily handled, as a small hand wheel is provided on the front 
of the machine to run the ram quickly up or down. This press has 
a 36 inch space between uprights, a 12 inch opening under the 
lilate, 26 inch over the plate and 48 inch over the lower plate 
or table. Being mounted on w'hcels the press can be easily moved 
to any portion of the shop to straighten an axle or over a trap hole 
through which a crank shaft may be placed to remove a flywheel. 
The auxiliary plate at the bottom of the chamber under the re- 
volving plate has a revolving ctmtre and is A’ery convenient when 
needed. The centre of this plate is provided with a self-centering 
surface or a splierical or ball joint which will insure steady press- 
ure on the centre line of the press even if the work is tilted slightly 
wlien it is initially placed. With this press one man can exert 
a pressure of ten tons and two men sixteen tons. With the lever- 
age form, the workman is able to “feel” what he is doing, therefore 
the danger of applying excessive pressure is avoided. 

Special Tool Attachments of Value. — Many special devices can 
be used to facilitate machine work which should be included in the 
equipment. In automobile repair work many irregular pieces are . 
handled, and it would seem to the writer that a set of universal I 
angle plates, which could be used with equal facility on the bed ' 
of the drill press or shaper or on the face plate of the lathe, would ; 
be an excellent investment. Then there are tlie index heads, which j 
can be mounted on almost any machine tool, and which enable 
one to cut gear teeth, mill slots, or drill holes at regular intervals ; 
around the. periphery of a circular piece, without time spent in j 
laying out. The vises for holding work on the drill press or 
shaper should be a pattern that they can use on the face plate 
of the lathe, and two or tlirec different sizes can be emrloyed 
to advantage. Special boring bars, cutters, apd grinding wheels, 
slmuld be provided, as needed.' A small portable electric motor 
OB shown in Fig. 35 tnoiin||^ on the lathe tool rest can be 
used in grinding, both internal and external. For the sharp-- 
ening of drills, cutting tools, reamers, etc., small universal bench 
grinders as at A, Fig. 36, driven directly by small electric moldr 
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I or hy bolt from lliQ Ijne shafting, ena bo profitably installod. The 
rc'cjnipmont of drills, taps, reamers, etc., will depend entirely upon 
{' the car)ital one wishes to invest in speeial'epuipment, but endeavor 
s' should be made to have on 'assortment, that will include most of 
Ithe standard sizes employed in making automobile parts. TThese 
|ar(i full|^ considered in the following chapter. 



^ Special Tool Attachments 91 

Allot luT Joriii of bench grinder, iirovid(3d with straight and an- 
gular rests and cai)al)le of driving two wdioeLs, is shown at B. Thus 
is a slightly lieavier form than shown at A, but is not sufficiently 
lu'avy to ref|uii*c tlio uso of a special support: The grinder shown 
at is also inteii<h*d to be inounled directly on the work Ixuicli 
and in contrast to the other forms sliown, wdiicli are dry grindei's, 
it is provided witli a housing and a small water tank for all f<u’nis 
of wet grinding. A very useful a))pliaiiee for use with a bench 
grinder is' shown in this illustration. This is an adjustable work 
ri'st wliieli can be set at any angle, making it especially valuabh; 
for tool grinding. The maehine illustrated at D is a small two- 
wlieeled grinder mounted on a substaniial base W'hieh incorporates 
a oonnlershaft beneath the table. The griialeivs shown at A, 13 and 
0, make it necessary to install eitlier a count iTshaft with tight and 
loose pulleys or a cluteh pulley over them to drive. The grinder 
shown at D, with integral countershaft can be belted directly to 
the main drive shaft. A grinding imieliine for heavy work is shown 
at K. Tins is the same in general construction as the lighter forms, 
exei'pt that it is much more substantial. Attention is directed to the 
surfacing aUacbment mounted over the grimling wlioel. This may 
be I’aised or lowered as desired, and as the table is accurately planed 
and surfaced it is very valuable for grinding work absolutely flat. 

Ill many small shops it is not possible to furnish a vmy complete 
asisortmont of machine tools, and while tools designed for a speeitic 
purpose are* always best if they can be purchased, it is sometimes 
l)ossible to do very satisfactory work on simple r achincs adapted 
for a variety of work. A s^ll bench machine that can be used 
cither as a lathe, drill press or milling machine is shown at Fig. 37. 
This may be driven by a small electric motor or can be provided 
with a two-speed cone pulley, as sliown. At A the machine is set 
up for use as a drill press, at B, the change of the attachment 
permits it to be employed for milling. Vertical feed is provided 
so the milling cutter may be raised up or down, and both cross 
and lateral feeds of the york are obtained by hand lever. When 
used as a lathe it is possible to drive the lead screw through gear- 
ing s<^ that an antomatio lafteral feed is obtained, this making pos- 
sible thread cutting operations. The flat table shown at A, can 
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be supplemented by an index table for use in milling. “When 
used as a sensitive drill the feed is by hand lever attached to the 
drill spindle. This tool, 'which is known as the “bench machinist” 
is furnished complete with a countershaft milling vise, face plate, 
dividing head and tool post. When used as a drill press, the spindle 
may be adjusted to any desired angle and the work brought to 
the tool if necessary. As a drill its capacity is up to a half inch. 
The spindle fits a number two standard, Morse taper shank. When 



Fig. 37. — Combination Tool tbat Can be Used as a Iistbe, Sensitive Drill 
or nulling Macblne, tTsefiil for tbe SmaU Bepair Shop. 


used as a milling machine the open side design permits the operator 
:to do work on long iiicces such as cutting key ways, straight, taper 
:'or Woodruff} squaring ends of long axle, spliniqg and other work 
iof this nature. The diameter of the arbor is seven-eightlts of an 
.inch and the extension arm permits the use of an arbor twelve 
- inches long. This machine will cut small spur gears and bevel 
Igears. It will consuhie but one-fourth of a horsepower ‘whether 
i-used as a lathe, milling machine, or driU. While its capacity is 
Uimited it can' handle such a variety of work that it will be found 
la valuable item of equipment in even, a machine shdp of*some 
.|pretensions» 
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The repairman who does not use power may £nd a number of 
small machines turned by either hand or foot that will do very 
good work. A foot power lathe suitable for light repair work 
has been previously described. At Fig. 38, A, a hand-operated 
twist drill and tool grinder is shown, while at B, a small hand 
shaper which can be set up to form part nf an ordinary vise is 
shown. The tool is carried by a reciprocating shaper-head worked 
by a handle, and the tool post may be raised or lowered v'erfically 
or set to any desired angle just as the larger shaper tool is. Screws 
are provided for both vertical and lateral feeds and a large variety 
of work may be done. Such a hand shai)er may be used for cutting 
keyways, si]uaring shafts, repairing broken gears that have been 
fixed by the autogenous process wliere solid metal has replaced 
a number of broken teeth, and for many otlier repairs tlfat will sug- 
gest themselves to a practical mechanic. 

Miscellaneous Shop Eq,uipment. — ^A number of useful articles 
of repair shop furniture are illustrated at Fig. 39. A and B are 
end and plan view's respectively of a substantial stand for working 
on automobile engines. The eftd pieces are cast iron leg members 
having a semi-circular piece at the top. A boss is i)rovidcd to 
support a tlirough .shaft upon which the motor carrying frame 
swings. AVhen in the position shown at A, the motor is hung 
upside down, which provides ready access to the engine base. The 
motor carrying frame can be swung completely over until it is 
on the other Side of the stand, under which conditions the cylin- 
,ders and parts at the top of the motor may be lasily reached. 
As indicated tiy the dotted line, the motor eanying frame may 
he set at any intermediate point and firmly locked in place by 
bolting to the semi-cjrcul'ar pieces at the top of the end castings. 
As will be apparent from the view at B, the motor frame may 
he designed so that tlie supporting members may be moved in 
order to hold motors of various sizes. With this form of stand 
it is necessary to bolt it securely to the floor owing' to tlie overhang 
of tlie motor. • 

An ingenious portable work-bench which has received applica- 
tion in a number of Europ^^ repair sliops is shown at C. This is 
sot radically different from the ordixmiy work-bench except that it 




Fig. 38.— Hand Qpetatod Tools of Valne In the Small Shop. 
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^has wheels under the legs at one end and a pair of barrow handles 
at the other end for moving it about. A vise is mounted at one cor- 
ner of the bench, a box-like slielf underneath permits carrying parts 
that are to be worked on and dra'wers at the end of the table provide 
. a convenient carrying-place for tools. The bench is of strong con- 
struction and its steadiness is increased by having rollers under one 
set of wheels only and mounting the vise and tool drawer so their 
weiglit is on the legs. that have no wheels. A ledge may be placed 
around three sides of the bench to prevent tools from sliding off 
when it is moved. 
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Fig. 39. — ^Repair Shop Fumituro of Commendable Design. 
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Where city gas is available as fnel, the brazing stand at D is a 
practical article of repurshop furniture. This consists of a large cast 
iron table carrying an air receiver between the legs and fixtures to 
support the brazing torches at any desired position above the table 
top. The top of the table is protected by fire brick, which members, 
are also used to form a furnace to concentrate the heat upon the 




Fig. 40. — OntUning Construction of Supporting Member for Chain Fall 
Attachment and Appliance for Cleaning Machine Parts with a 
Oasollno Spray. 

pieces to be brazed. . Complete instructions for use of this and other 
forms of brazing appliances to be described w'ill be found in chapter 
dealing with miscellaneous processes. 

The utility of ibe chain falls has been previously considered, 
and it is somewhfft a problem to provide a substantial method of 
supporting these in shops where the overhead trolley is not pro- 
vided, The illustration at the' left of Pig. 40 shows a very simple 
and strong supporting fixture for eliain falls or other hoists and 
may be ej^fly made by any repair shop mechanic in spare time. 
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all parts of the device arc clearly shown and dimensions given, 
further description is unnecessary. 

One of the most disagreeable jobs incidental to repairing is 
cleaning the accumulation of oil, road dust or grease from parts 
to be worked on. The common method by means of a brush and 
gasoline is wasteful and time-consuming, .and’.'it is not possible to 
penetrate all corners thoroughly, as many of these are inaccessible. 
Gasoline or kerosene under pressure wUl remove dirt without using 
large quantities of liquid. A typical cleaning outfit is shown at 
the right of Fig. 40. This consists of a large receiver fitted with a 
))ressure gauge and with a shut-off valve to which a hose connec- 
tion is made. The tank is filled about half full of the cleansing 
liquid. The hand pump provided is used to force flir pressure into 
the container in order to produce a spray of liquid having force 
enough to dislodge the particles of dirt. These are inexpensive 
and will save their cost in a short time by the saving in cleaning 
liquid. » 

In some large cities, notably New York, Chicago and Boston, 
there has been consitlcrable agitation on the part of the muni- 
cipal and insurance authorities toward the enactment of legisla- 
tion making it compulsory for the automobile repair shop or garage 
proprietor to install separators attached to the floor drauus in order 
to prevent volatile inflammable oils, such as gasoline, kerosene and 
lubricants from flowing into the sewer. A device which has been 
proposed by the New York authorities is shown at Fig. 41. It 
is built of boiler plate and standard pipe flttin^-a and the pro- 
portions can be easily ascertained by inspection of the illustration. 
The floor drain is connected to, the main drum upper portion and 
all water from the floor must flow into that chamber before it 
can pass into the sewer. As gasoline and lubricating oil are 
lighter than water, they will float on the top of that liquid and will 
drain off through, the vertical stand pipe extending from the 
partition forming the top of the lower compartmeht to a point just 
above the water line. . The^ lower compartment is ptovided with a 
gauge to show the height of liquid, a drain cock by which the 
lower compartment may be Emptied and a- large cleanout plug for 
the removal of sludge and residue that will not drain out through 
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the cock. A vent pipe extends from the lower compartment to 
the air in order to prevent the accumulation of any pressure due 
to gas generation from vaporization of the volatile liqiuds. The 


omw coNMecnON, 



Fig. 41. — Sepuatot Intended to Keep Volatile Inflammable lilqulds from 
Entering Olty Sewers. 

upper portion of the container and the pipe connections are also 
provided with cleanout plugs. 

Another form of separator is shown at'Ffg. 42. This is marketed 
to meet the requirements of the fire apd building departments of 
New York City and is known as the. Paragon Separator.' It is 
said that the best position for this device is near the side walk and * 
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under the floor with a hand pump projecting through the floor. 
The waste water containing gasoline and oil enters the branch floor 
drain and flows into a sand box where all solid matter is extracted. 
Prom this point the liquid flows through a screen into a TJ-shaped 
container and then out through a discharge pipe into the street 
sewer. Inside the main portion of the TJ-shaped container is the 
cylindrical oil chamber in which the volatile liquids are collected. 
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out. The sand box is placed in a convenient position so. to afford 
ready access when new filtering material is needed. Belief pipes 
are provided in both the TJ-shaped container and in the oil chamber 
to prevent the accumulation of any pressure in either of these por-* 
tions of the separator. 

Air Compressor T3rpe8. — All up-to-date repair shops, especially 



Fig. 43.— FoitaUe Electrically Operated iUr Compreasor Outfit. 


if they are an adjunct to a garage, or if they cater to tire repair 
work, have some power-driven source of compressed air; A blast of 
air has many Tises> besides that of filling pneumatic tires, as it can 
be used for blowing out loose carbon particles from the combustibo. 
chamber or tight chips and steel fragments from gear boxes or rear 
axle housings. The air blast may alsa be used for cooling heated 
steel gradually when annealing it and can also be employed for 
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ll^esting pipe joints, fnel containers, etc. The illustration at Fig. 43 
shows a portable, electrically driven power pump suitable for public 
or private garages and repair shops. It is simple and compact in 
construction and as it is mounted on a wheeled base it can be easily 
drawn around the building or outside to the curb. A tank, 12 inches 
^ long and 6 inches in diameter, into which the, pump discharges, 
prevents condensation and oil from entering and injuring tlie tire. 


'seiLusnHuCyiiNoa 
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Fig. 44. — Uouventional Fonns of Air Ot^tessois. 

It is said that the pumping action is very rapid, as a 35 x 4 inch 
'tire can be pumped from flat to 70 pounds pressure in one and one- 
half minutes. The motor is a lyestinghouse, one and a quarter horse- 
powi^r capacity, designed to operate from the lighting circuit and 
may be secured in any of tije voltages commonly used. 

group of air compressors of different designs is shown at Fie. 
Thaj; at A, is a powerful, '’band operated double pump suitable 
f|or thqse garages and repair shops not provided with mechanical 
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power. It is operated through a lever which is sufficiently lon^ 
it can be woi^ced by one or two men standing upright. The for. 
at B is a substantial power-driven compressor of large capacity 
having an oscillating cylinder. This type is used only in larg" 
repair sliops where it is necessary to use a large air tank wliicli mu 



Fig. 45. — Sectional View Showing Hale Cuih Box Installed with .Vuto- 
matlc Air Compressor and Storage Tank. 

be constantly filled. The air pump at C, has a vertical cylinder 
and is' driven from, an electric motor by means of a spur pinion on 
the armature shaft which meshes with a large gear on the pUj 
crankshaft. This is attached to a suWantial iron base and 
intended to be bolted to the floor, A small portable power pumpt 
for use on the bench is shown at Fig. 44, D. This also is driveji 
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^ an electric motor, the power being transmitted from the arma- 
ture by belt connection lo the rim of a large flywheel-pulley attached 
to the crank disc of the pump. The outfit at E is similar in opera- 
tion to that shown at C, except that a two cylinder air compressor 
is used. This is practically the same in general eoustruction as 
the other forms illustrated, except that the use of two cylinders 
'makes for a more steady flow of air. 

A complete air compressor outfit provided with automatic regu- 
lating means and an apparatus to distribute air at the curb is shown 
at Fig. 45. This enables automobile owners to secure a supply of 
-air without having to drive the car into the garage or dragging 
a portable air t!ompressor outfit’ across the sidewalks. The aceora- 
I)an,Ying diagram clearly show's the arrangement of this outfit. A 
tank is buried in the ground and this connects with the compres-soi 
(intht located in the basement. The lid of the cuib box is flush 
with the sidewalk and in a few inches irom the curb. The usei 
raises the lid, takes out the hose and when the operation of tir?' 
inflation is complete, ‘«ilie hose returns to the box automatically 
when it is released. The air compressor installation consists of a 
reservoir or tank in the basement, an air compressor driven by an 
electric motor and a control panel. When the air pressure in the 
tank reaches a certain predetermined amount, an automatic switch 
breaks the circuit and the motor ceases to drive the pump. As 
soon as the pressure falls below the minimum allowable, the auto- 
matic switch again functions to close the circuit and start the pump 
going. In addition to the pipe leading to the curl box a branch 
j>ipe may be run to the garage interior and to the repair shop as 
well. 

Lilinid Fuel Storage. — The problem of liquid fuel storage is 
an important one for garages or repair shops, especially in cities 
rwhere the municipal regulations pertaining to the storage of vola- 
tile hydrocarbons are severe. If the fuel is to be used only 
fo' ' shop purposes, either of the fuel storage systems shown at 
. 46, A and D, will pijovc practical. That at A is the hy- 

: Ulic system in whicli the gasoline stored in an underground 
ank is forced out by displacement, water flowing into the tank 
.-ora the city main. The outfit at B also includes an under- 
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■^ni ftt C is' a bos design^ to be pl%ced outside of the gara^ 

V .boo Marttio door or drireway so that ear. do uot«eed to 
jTwto L garage to U filled. This serves merely to mippart 
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Liquid Fuel ’Storage 

a meaatiring pump drawing fuel from an underground tank and 
hose which will extend from the pump to the fuel container of 
the car. The outfit shown at D, consists of a rectangular tank 
mounted on wheels and having the usual form of measuring pump,. 
This tank will hold several barrels of fuel, can be moved easily 



Fig. 47— Outlining Two Practical Methods of Baislng Liquid Fuel from 
XTnderground Tanks. 

from place to place and the measuring pump insures that the liquid 
will bg dispensed in proper quantities and without waste. 

The principle of action of the hydraulic fuel* supply system is 
shown at Fig. 47, A, The various parts comprising the assembly 
are clearly outlined. "When it is desired to draw out gasoline it is 
merely giecessary to open the water control valve which permits 
water to flow into the tank to displace the fuel. At Fig. 47', B, the 
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isual form of automatic measiiring pump is shown. This is pro- 
trided with a series of stops, so quantities varying from one pint to 
jne gallon may be pumped by limiting the stroke of the pump. 
A two-w'ay discharge is provided, one for filling cans, the other for 
attaching a supply hose to reach to the car tank. A meter is fitted 



Fig. 48. — Showing Forge Equipment Suitable for Automobile Bepair 

Shops. 


that will indicate ‘every gallon pumped. The pump plunger is 
; actuated by a spur rack which is operated by a pinion turned 
i by a hand crank. But little force is needed^ to operate this pump 
Rowing to the large leverage provided ty the hand crank ajid the 
i small pitch radius of the pinion. 
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Repair Shop Forge Equipment 

Complete Forge Equipment Desirable. — Quite a number of re-* 
pair jobs involve blacksmithing or brazing processes and two dis- 
tinct forges should be. installed. The usual equipment is a steeli 
forge of medium size, with a power-driven rotary blower,* 
to be used for forging and welding. For 1)razing, melting bab- 
bitt metal, hardening and tempering, annealing, and heating sol-i 
dering irons a gas forge should be used, this taking its air from! 



Fig. 49. — Complete Blaekimiiblng Outfit of Value in Small Repair Shop 

Equipment. 


the tank of the air compressor outfit, and its gas from the city or , 
town mains. In the smaller towns and Villages the portable gasoline r 
brazing forge can be used to advantage, providing that coal or 
water gas is not available. In the accompanying illustration, Fig. 
48, a simple and practical forge outfit is shown, this including 
both gas and coal burning types. Between the coal and gas forge, . 
a stout bench is usually erected, this having a strong vise and a‘ 
large drawer. This bench can be used in both brazing and solder- 
ing processes, and the draVer can be divided into two compartments, 
one toehold the blacksmith tools, the otlmr the soldering irons and 
sheet metal tools. The vise is handy to the workman at either forge. 
The -remaining equipment is simple, a medium sized anvil, heavy 
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aad medium sledge hammers, three or four forge hammers, tongs 
for holding round, flat and irregular work, cutting off tools or 
“hardies” for both cold and hot cutting and the flatting and 
sWagi^g tools with handles of conventional patterns. 

The gas forge shown is made of standard pipe and fittings, 
the table is a framework of iron pipe, across the top of which 
a piece of sheet steel serves to support ordinary firebrick against 
which the flame may be directed. A small hand torch is provided, 
this for use on the smaller brazing or soldering jobs. The melting 
ladles can be placed over either coal or gas flame, and either forge 
will melt the anti-friction metals used in lining bearing boxes. 

The parts of a blacksmith’s equipment for repair w'ork that 
may be purchased as a complete outfit for around $50.00 are shown 
at Fig. 49. While two or three of the tools are intended for use in 
hors&hoeing they can be employed to equally good advantage in 
the automobile repair shop. These consist of the farrier’s ham- 
mer, knife and pincers. The remaining' tools will be found suit- 
able for use in general metal work. A post drill is provided 
which is a very practical tool for shops not provided witli power. 
An outfit of drills in standard sizes is usually supplied with this 
tool. The forge is light and compact and a hand-operated blower 
is utilized to furnish the blast. A post vise, medium size, anvil, 
hand sledge and various small tools complete this set. In a shop 
already furnished with various machine tools the only parts of the 
outfit needed would be the forge, anvil and post vise. Tongs can 
be made as needed to best suit the requirements of the work at 
hand. 

In large repair shops, where considerable tool dressing is done 
and i^ere it is necessary to heat-treat various parts, the electric 
furnace shown at Fig. 50 will prove a good investment. The 
amount of heat may be regulated within close limits and sofS- 
ciently high temperatures may be obtained for hardening, car- 
burizing or annealing any -pieces within the range of the furnace. 
Wjiile it is not expected tliat a furnace of this type will be used 
in the small or medium size shops, there is suiiioient work in the 
lar^ establishments or service stations to warrant the installation 
orlii furUace.of this nature, if electric curreut is available, or an' 
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equivalent gas, or oil-btiming type ivliere it is not convenient toj 
use the electrically heated form. The almost universal use of high | 
grade alloy steel in the construction of automobiles makes it neces- i 
sary for the repairman to have some knowledge of heat treatment 
of the various special steels. They cannot be machined unless an- 



Fig. 60.— Slectrically Heated Furnace for Heat Treating Steel. 


nealed and are of but little more value than ordinary fnachiner; 
steel parts if they are not properly heat-treated to bring out th' 
physical charact.eristics,desired. after fabrication; A review of th 
various heat-treating processes, especially those needed tat th 
diffetent alloy steels used in automobile construction, will be foun 
in the chapter dealing with miscellaneous processes. 
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SMALL TOOL EQUIPMENT FOB EEPATB SHOPS 

Tools for Adjusting nnd Erecting — ^Drilling Macliincs — ^Machine Accessories 
— Measuring Tools — ^Lathe Accessories and Lathe Tools — Miscellaneous 
Tools — Special Tools to Facilitate Bepair Work — Wheel and Gear Pullers 
— List of Tools and Supxdies for Typical Shop. 

Thebe are so many small items of equipment entering into 
the outfit necessary to carry on repair work economically and effi- 
ciently, and so many supplies are needed that it is difficult to dis- 
tinguish between the tools used only on the oar and otliers which 
serve a general purpose about tlic garage or repair shop. In the 
previous chapter the various forms of machine tools that have a 
place in the machine room Equipment have been deseribefi, so in 
this chapter endeavor w'ill be made to confine the discussion to 
the smaller tools used in assembling and dismantling automobiles 
as well as in making the necessary adjustments to the variomi ma- 
chine parts. 

Machine tools in themselves are of little value without an tide- 
quate supply of smaller tools to be used in connection with them.' 
For example, a lathe could not be employed to advantage without 
a complete set of accessories and cutting tools, while a drilling ma- 
chine would be valueless if not supplied with proper chucks and 
drills for making the holes. We^will first consider the small tool 
equipment, such as would he used by automobilists or repairmen in 
making the everyday adjustments ou the car, then the tools that 
are of special value 'to the machinist and lastly those special ap- 
pliances which facilitate repair work and which usually can be 
made cheaper than they can be purchased. 

Tools for Adjusting and Ereetiag. — very complete otitfit of 
small tools, some of which are fumiriied as part of the tool eqoip- 
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ment of various cars are shown in group at Fig. 51. This group 
includes all of the tools necessary to complete a veiy practical 
kit and it is not unusual for the floor man who is continually dis- 
mantling and erecting cars to possess even a larger assortment than 
indicated. The small bench vise provided is a useful auxiliary that 
can be clamped to the running board of the car and should have 
jaws at least three inches wide and capable of opening four or 
five inches. It is especially useful in that it will save trips to the 
bench vises and can also be carried as part of the tool equipment 
by the motorist to advantage, as it has adequate capacity to liandle 
practically any of the small parts that need to be worked on when 
making repairs. A blow torch, tinner’s snips and soldering copper 
arc very useful in sheet metal work and in making any repairs 
recpiiring the use of solder. The torch can be used in any operation 
requiring a source of heat. The large box wrench shown under the 
vise is used for removing the wheel hub cap and sometimes has one 
end of the proi)er size to fit the valve chauiber cap. The piston ring 
removers are easily made from thin strips of sheet metal secutely 
brazed or soldered to a light wire handle. I'hesc are .used in sets 
of throe for removing and applying j>iston rings in a manner to 
be indicated in the next chapter. The uses of the wrenches, screw 
drivers, and pliers shown arc known to all and the variety outlined 
should be sufficient for all ordinary work of restoration. The wrench 
equipment is very complete including a set of open end S-wrenches 
to fit all standard bolts, a spanner wrench, socket or box wrenches 
for bolts that are inaccessible w'itli the ordinary type, adjustable 
end wrenches, a thin monkey wrench of medium size, a bicycle 
wrench for handling small nuts and bolts, a Stillson wrench, for 
pipe and a large adjustable monkey WTench for the stubborn fasten- 
ings of large size. 

Three different types of pliers are shown, one being a parallel 
jaw type with size cutting attachment, while the other illustrated 
near it is a combination parallel jaw type ada{)tqd for use on round 
work as well as in handling flat stock. The most popular form 
of pliers is the combination pattern shown beneath the. socket 
wrench set. This is made of substantial drop forgings having a 
binged joint that can be set so that a very wide opening 'at the 
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jaws is possible. These can be used on round work and for wire 
cutting as well as for handling flat work. 

A very complete set of files, including square, half round, 



?ig. S2.-»^FoniM of Hammen SnltsUo for fbe AutomoMle Bepalmuu’s 

Tool Kit. 

^ill, flaj; bastard, three-cornered and rat tail are also necessary. 
- hacksaw, frame and a number of saws, some with fine teeth for 
bing and others with coarser teeth for bar or solid stock will 
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be found almost indispensable. A complete punch and chisel set 
should be provided, samples of which arc showm in the group 
while the complete outfit is outlined in another illustration. A 
number of different forms and sizes of chisels are necessary, as one 
type is not suitable for all classes of work. The adjustable end 
wrenches can be used in many places where a monkey wrench 
cannot be fitted and where it will be difficult to use a wrench 
having a fixed opening. The Stillson pipe wrench is useful in 
turning studs, round rod.s, and pipes that cannot be turned by 
any other means. A complete shop kit mu.st necessarily Include 
A'arious. sizes of Stillson and monkey wrenches, as no one size can 
be expected to handle the wide range of work the repairman must 
cope with. Three sizes of each form of wTcneh can be used, one, a 
fi inch, is as small as is needed while a 12 inch tool w'ill handle 
almost any piece of pipe or nut used in a motor car. For large 
work a 16 inch or 18 inch Stillson will be found of value. 

Two or three sizes of hammers should be provided, according 
to individual requirement, these being small riveting, medium and 
heavyweight machinist’s hammers. A very practical tool of this na- 
ture for the repair shop is shown at Pig. 52, A, as it can be used 
as a hammer, screw driver or tire iron. It is known as the 
'‘Spartan” hammer and is a tool steel drop forging in one piece 
having the working surfaces properly hardened and tempered while 
the metal is distributed so as to give a good balance to the head 
and a comfortable grip to the handle. The hammer head provides a 
j^positive and comfortable T-handle when the tool is used as a screw 
driver or tire iron. Machinist’s hammers are provided with three 
types of heads, these being of various weights. That at B, is tlie 
form most commonly used and is termed the “ball pein*’ on ac- 
count of the shape of the portion used for riveting. The straight 
pein shown at C, is just the same as the cross pein shovm at D, 
except that in the latter the straight portion is at right angles to 
the hammer handle, while in the former it -is* parallel to that 
member. , ^ 

A self-adjusting monkey wrench which is known as the “speed 
nut’-’' i» shown at Fig. 52, E. The act of pulling on the handle 
tightens the wrench on the nut by means of a rack which is formed 
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integral 'witli the movable jaw and a portion of a pinion meshings 
with it at the end of the handle. Pulling on the handle tightens 
the w’rench on the nut and the harder one pulls, the more securely 
the nut is gripped. As moving the handle in the 0]>p08itc direction 
spreads the jaws ai)art, a sort of a ratchet action is possible if the 



Tig. 53 — ^Wrenches are Offered In Many Forms. 

handle is alternately pulled and pushed, rendering it unnecessary 
to take the wrench otf and secure a new hold on the nut or bolt 
head for each turn. Tlie wrench is composed of only three pieces 
and the sn»allc.st size will fit nuts varying from i/^-inch to %-inch. 
Jn order to unscrew a nut it is necessary to turn the wrench over 
so the handle will be pulled in the opposite direction to that used 
in screwing the nut down. This insures a secure grip in either 
case and permits of a ratchet motion without setting any trip or 
pawl. The. hacksaw frame shown at Fig. 51, is a solid type adapted 
only to take one length of blade. As hacksaw blades are made in 
varying lengths it may be possible that a longer one than that frame 
was made for would be the only thing available. In such a case 
the adjustable hacksaw frame shown at Fig. 52, F, would permit 
of using a longer saw blade by merely extending the frame as 
far as is necessary. 
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Forms of Wrenches 

Wrenches have been made in infinite variety and there are a 
iscore or more patterns of dilfereut types of adjustable socket and 
off-set wrenches. The various wrench types that differ from the 
more conventional monkey wrenclies or those of the Stillsoii pattern 
are sliown at Fig. 53. The ‘'perfect handle^’ is a dro^i forged 
open (Mid form provided with a w-ooden handle similar to that used 
on a monkey wrench in order to i)rovide a better griji for the 
hand. The “Saxon” wrench is a double alligator form, ’so called 
because the jaws are in the form of a V-groove having one size 
('f the V plain, while the other is serratt'd in order to secure a tight 
grip on round olijects. In tlm form shown, two jaws of varying 
sizes are provided, one for large work, the other to handle the 
smaller rods. OiK^ of the nov(d features in eonnection with this 
wrench is the provision of a tri]>le die block in the centre of the 
handle which is provided with three most commonly used of the 
•standard tlireads iiieludiug 5/16-iueh-18, %-iTich-lfi, and l/^-iach- 
13. This is useful in cleaning up burred tlin‘ads on bolts before, 
they are replaced, as burring is unavoidable if it has been neces- 
sary to drive thorn out with a hammer. The “Lakeside” wrench^ 
has an adjustable pawl engaging with one of a series of notches 
by wliich the opening may lie held in any d(.»sired position. 

Ever since the socket wTcnch Avas inviMitcd it has been a popu- 
lar form because it can be used in many places where the ordinary 
open end or monkey Avrcncli cannot be applied owing to lack of 
room for the head of the wrench. A typical set wdiich lias been 
made to fit in a v(?ry small space is showMi at L. It consists of a 
handle, which is nickel plated and liighly polished, a long extension 
bar, a univorsiil joint and a number of case hardened cold drawn 
ateel sockets to fit all commonly used standard nuts and bolt heads. 
Two screw driver bits, one small and the other large to fit the 
handle and a long socket to fit spark plugs are also included ir 
this outfit. The universal joint permits onc^ to remove nuts in z 
position that would be inaccessible to any other form of Avrench 
as it enables the socket Ho be turned cAren if the handle is at om 
side of an intervening obstruction* 

Tlie “Pick-up” wrench shown at B, is used for spark plug; 
and the upper end of the socket is provided AA’itli a series of groove: 
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into which a suitable blade carried by the handle can be dropped. 
The handle is pivoted to the top of the socket in such a way that 
the blades may be picked up out of the grooves by lifting on the 
end of the handle and dropped in again when the handle is swung 
around to the proper point to get another hold on the socket. The 
“Miller” wrench shown at F, is a combination socket and open 
end type, made especially for use with spark plugs. Both the 
open end and the socket are the same size and either may be 
used as is the most convenient. The “Handy” set shown at 6, con- 
sists of a number of thin stamped wrenches of steel held together 
in a group by a simple clamp fitting, which enables either end of 
any one of the four double wrenches to be brought into play ac- 
cording to the size of the nut to be turned. The “Cronk” w'reneh 
shown at II, is a simple stamping having an alligator opening at 
one end and a stepped opening capable of handling foim different 
sizes of standard nuts or bolt heads at the other. Such wrenches 
are very cheap and are worth many times their small cost, especially 
for fitting nuts where there is not sufficient room to admit the 
more conventional pattern. The “Starrett” wrench set, which is 
shovm at I, consists of a ratchet handle together with an extension 
bar and universal joint, a spark plug socket, a drilling attachment 
which takes standard square shank drills from i^-inch to ^-incli 
in diameter, a double ended screw driver bit and several adjust- 
ments to go with the drilling attachment. Twenty-eight assorted, 
cold drawn steel sockets similar in design to those slio'wn at D, to 
fit all standard sizes of square and hexagonal headed nuts are also 
included. The reversible ratchet handle, which may be slipped 
over the extension bar or the universal joint and which is also 
adapted to take the squared end of any one of the sockets is ex- 
ceptionally .useful in permitting, as it does, the instant release of 
pressure when it is desired to swing the handle back to get another 
hold on the nut. The socket wrench sets are usually supplied in 
hard wood cases or in leather bags so that they may be kept together 
and protected. against loss or damage. eWith a properly selected 
socket wrench set, either of the ratchet handle or T-hahdle form, 
any nut on the car may be reached and end wrenches wiU’not be 
necessary. 
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Mention has been previously made of the importance of prond . 
ing a complete set of files and suitable handles. These should b<i 
in various grades or degrees of fineness and three of each kinc' 
should be provided. In the fiat and half round files three grade;- 
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arc necessary, one with coarse teeth for roughing, and others with 
medium and fine teeth for the finishing cuts. The round or rat 
tail file is necessary in filing out small holes, the half round for 
finidiing the interior of large ones. Half round files are also 
well adapted for finishing surfaces of peculiar contour, such as the 
inside of bearing boxes, coniiccling rod and main bearing caps, etc, 
Sipiare files are useful in finishing keyways or cleaning out burred 
splines, while the triangular section or three-cornered file is of 
value in cleaning out burred threads and sharp corners. Flat files 
are used on all plane surfaces. 

The file brush shown at 54, A, consists of a large number of wire 
bristles attached to a substantial wood back having a handle of 
convenient form so that the bristles may be <lraw'n tlirough the 
; interstices betw^eeu the teeth of the file to remove dirt and grease, 
i If the tt>etli are filled with pieces of soft metal, sneh as solder or 
^babbitt, it may be ne(*essary to remove this acenninlation with a 
I' piece of sheet metal as indicated at Fig. 54, B. The method of 
.. holding a file for working on plain surfaces when it is fitted with 
i;?the regular form of wooden handle is sliown at C, while two types 
lof handles enabling the mechanic to use the flat file on plain sur- 
|faces of such size that tiie handle type indicated at C, could not 
be used on account of interfering with the surface finished are 
shown at D. The metliod of using a file when surfaces are finished 
)y draw filing is showm at E. This differs from the usual method 
)f filing and is only used when surfaces are to be polished and very 
it tie metal removed. 

One of the most widely used of the locking means to prevent 
luts or bolts from becoming loose is the simple split pin, sometimes 
f ailed a ^'cotter pin.’^ These can be handled very easily if the spe- 
1 ial pliers shown at Fig. 55, A, are used. These have a curved jaw 
;ihat permits of grasping the pin firmly and inserting it in the hole 
*|<?ady to receive it. It is not easy to insert these split pins by other 
l^ieans because the ends arc usually si)read out and it is hard to 
Sinter the pin in the hole. With the cotter ‘pin pliers the ends may 

brought close together and as the plier jaws are small the pin 
ijiay be easily pushed in place. Another use of this plier, also 
l^iidieatcd, is to bend over the ends of the split pin in order to 
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l)revcnt it from falling out. To remove these pins a simple curved 
lever, as shown at Fig, 55, B, is used. This has one end tapering 
to a point aud is intended to be inserted in the eye of the cotter 
f)in, the purchase offered by the handle permitting of ready re- 



Flg. 66. — Outlining TJse of Cotter Pin Pliers, Spring Winder and Shoving 
Practical Outfit of Chisels. 


moVal of the pin after the ends have been closed by tlie cotter pin 
pliers. 

A complete chisel set suitable for repair shop use is also sliown 
at Fig. 55. The type a* C), is known ns a “cape” chisel and ha? 
a narrow cutting point and is intended to chip kej'ways, romov< 
metal out of coriuTs and for all other work where the broad cut 
ting edge cliisel, shown at D, cannot be used. The form with tlu 
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wide cutting edge is used in chipping, catting sheet metal, etc. 
At £, a round nose diisel used in making oil ways is outlined, while 
a similar tool having a pointed catting edge and often used for the 
same purpose is shown at F. The centre punch depicted at G, is 
very useful for marking parts either for idcntihcation or for drill- 
ing. In addition to the chisels shown, a number of solid punches 
or drifts resembling very much that shown at E,’ except that tlic 
point is blunt should be provided to drive out taper pins, bolts, 
rivets, and other fastenings of this nature. These should be pro- 
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vided in tlie common sizes. A complete set of real value would statt 
at i/jj-inch and increase by increments of 1/32-inch up to l^-inch. 
A simple spring winder is shown at Fig. 55, H, this making it 
possible for the repairman to wind coil springs, either on the lathe 
or in the vise. It will handle a number of different sizes of wire and 
can be set to space the coils as desired. 

Anti-skid chains form an important item in the equipment of 
the car.^d as they are subject to wear it is desirable to replace the 
worn cross, ehains with new ones from time to time, as some of these 
wear out quicker than others, A special pair of pliers having 
overlap|»ng ends as shown at Fig. 56, is intended to assist in re- 
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moving and applying the cross chains. In order to remove the 
chains tlie booked link at each end is spread apart by the wedging 
action of the plicr jaws which make it possible to remove the cross 
chains from the side links. 'When a cross chain is to be applied 
the hooked link is placed near the fulcrum or hinge pin and the 
hooks may bo bent down over the side chain by compressing tlic plier 
jaws. 

If the automobile repairman was to provide himself with every 



Fig. 67, — ^A.t heft, TTseful OomUnatton m«ra Hai^g a Swim of Inter- 
chaageaUo Heads; at Bights Sectional View Outlining Oonstmctiim 
of Oaaoilne Blow Torcb. 


variety of tool that could be used to advantage, tlie investment in 
pliers alone would be large. This has resulted in the development 
of an interchangeable tool consisting of one standard pair of 
handles that will take a large variety of pliers^ pincers and shears 
in the form of readily detachable heads which tvill fit the same 
handle. The change is readily made and a number of useful took 
obtained without requiring a large investment. Samples of some 
of the most popular lieads are shown at Fig. 56, below the handle 
That at A, is a leather or paper punch and may be obtained alse 
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for punching metal. B, is a pincer head adapted for heavy work. 
The head at C, is an alligator form which can be adapted to a wide 
range of sizes. At I), a combination plier head is outlined, this 
consisting of flat nose, cutting and gas pipe pliers. At F, is shown a 
2 )air of tinner’s snip blades lo fit the handle. The head L, is used 
for working on AVeed tire cliains. 

The tcK)l is easily taken ai)art, the oi)eratioii consisting of re- 
moving the wing nut 0, from the centre bolt, lifting off the top part 
of the handle lujd tluMi setting any desired head in tlie recess oE 
oacli handle so the shank of the head is flush witli the face of the 
handle. The squan^ shank B, on the bolt is entered into^the square 
hole A, in the top handle. After the two parts are togelhcr the 
wing nut is screwed down as tight ly as possible. The bolt 
which holds the handles together, turns in the Iowxt half, hut 
feaiinot fall out. The object of this is to permit the lower half of 
the handle lo turn on the bolt because on account of the square 
shank on the bolt and the square liole in the upper half of the 
handle, the bolt itself turns with this half, thereby preventing 
any i)ossibility of the wing nut heeomiug loose in operation. This 
luterchangcabh*. tool is supplied in a neat box, having a place for 
the haiidl(j and the various heads supplied with it. 

Jlentiou lias been previously made of the utility of the gaso- 
line blow torcl). A tyi>ieal torch is shown in section at Fig, 57, B, 
ill order that the internal construction may be readily understood. 
It consists of a main container of heavy sheet mrial to which an 
air pump is :’?i;tached at one side to act as a handle. The loww 
jiortion of this yiump communicates with the interior of the tank 
by means a bent ])ipc w hich deflects the air to the top of the 
fuel receptacle. The upper portion of the lank is supplied with a 
burner having a pipe leading to the bottom. A filling plug is in- 
serted at the bottom of a conical depression wliieh acts as a 
funnel when the torch is inverted for filling. The function of the 
air pump u to force air into the tank and displace the liquid fuel, 
forcing it to the burner where it is vaiAU'ized. The burner is of 
the Riuiseu pattern and gives a blue flame. The intensity of 
tiie flame is regulated by a needle valve. In order to start the 
^ torch it is necessary to fill the pilot cup under burner Avith gaso- 
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liuc and to ignite same, letting it burn until the torch burner 
body is sufficiently heated to vaporize the lic(nid fuel. Three 
forms of these blow pipes are shown at Fig. 58. That at A, has 
a pump set into the tank and a more powerful burner that will 
give a very hot flame for brazing. The torch at B, has a flat fuel 
lank instead of the usual cylindrical form and has the filler opening 
at the top instead of at the bottom. The flat torcli is easier to carry 
than the round ones because it occupies less space. A very, small 



Fig. 68.— Piactica} Oasoline Blow Torches for Autmobile Bepair Work. 

torch which needs no air pressure is shown at C. Sufficient heat 
to vaporize the fuel and to start the torch may be obtained by 
holding a match at the curved portion of the burner. '‘This form 
does not produce the intense heat that the torches having internal 
air pressure do, but the flame is of sufficient intensity to heat a 
soldering iron, or perform any of the work incidental to soldering. 

Drillmg — Dnlling machines may - be of two kinds, 

hand or power operated. For drilling small holes in metal it is 
necessary to run the drill fast, therefore the drill chuck is usually 
driven by gearing in order to produce high drill speed without 
turning the handle too fast. A small hand drill is shown ai Fig;. 
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J 59, A. Aa will be observed, the chuck spindle is driven by a small 

\ bevel pinion, which iu turn, is operated by a large bevel gear turned 

ijby a crank. The gear ratio is such that one turn of the handle 
I will turn the chuck five or six revolutions. A drill of this design 
I is not suited for drills any larger than one-quarter inch. For use 
|T/ith drilh ranging from one-eighth to three-eighths, or even half- 
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iuoli the luind driJl presses shown at C and D are used. These have 
a pad at the upper end by whieh preei^urc may be exerted with the 
chest in order to feed tlie drill into the work, and for this reason 
they are termed “breast drills."^ The form at C, has compound 
gearing, the drill chuck being driven by the usual form of bevel 
pinion in mesh with a larger bevel gear at one end of a countershaft. 
A small helical spur pinion at the other end of this count-ershaft 
receives its motion from a larger gear turned by the hand crank. 
This arrangement of giearing permits of high spindle speed with- 
out the use of large gears, as would be necessary if but two were 
used. The form at D, gives two speeds, one for use with small 
drills is obtainejd by engaging the lower bevel pinion w'ith the 
chuck spindle and driving it by the large ring gear. The slow speed 
is obtained by shifting the clutch so that the top bevel pinion drives 
the drill chuck. As this meshes with a gear but slightly larger in 
diameter, a slow speed of the drill chuck is possible. Breast drills 
are provided with a handle screwed into the side of the frame, 
these are used to steady the drill press. * For drilling extremely 
large holes which are beyond the capacity of the usual form of drill 
l)ress the ratchet form shown at B, may be used or the bit brace 
outlined at E. The drills used with either of tliese have square 
shanks, w^hereas those used in the drill presses have round 
shanks. The bit brace is also used widely in wood work and the 
form shown is provided with a ratchet by which the bit chuck may 
be turned through only a portion of a revolution in either direction 
if desired. 

One of the most dilBcult things to do in conned ion with in- 
stalling accessories such as tire irons, license hangei*s, special 
lamp brackets, trunk racks, etc., is drilling holes in th^ pressed 
steel frame of tlie chassis, as the special alloy steel used for this 
purpose at the present time requires considerable exertion if one 
attempts to hove the hole with an ordinaiS^ breast drill. Electrically 
operated drills have a great advantage when used in making small 
holes but when they have sufficient capacity to take drills over 
inch in dianieter they are bulky to handle. These are of obvious 
utility when electrical current is. available, hut all shops are not 
fib provided aad many workmen do not like to use them because 
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of ilaflger of shoclts through short eircuiliug, or the liability of 

getting out of order, or of injuring the operator, should the drill 
point catch and the drill body be knocked out of the workman’s 
hand. A handy tool that has miny applications is shown at Fig. 



ng. W:—4Uumittg Practical AppUcation of Batchet soft Sand iPscd 
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■60, A. This is mounted on a clamp bracket, has a screw feed, can 
ilrill holes at any, angle and offers a wide range of adjustment 
in all directions. These are made in three sizes, one taking any 
drill up to 5^-inchj a medium size that can be used up to 1 inch in 
diameter and a larger model that will bore hol^ as large as 
inches in diameter. The medium size tool will be found sufficiently 
large to answer the requirements of any repair shop. The chucks 
provided will take either square shank or standard taper shank 
drills. It will be evident that Uiis fitting can be easily clamped to 
any ])art of the frame and tliat large holes may be drilled with ease 
on account of the leverage provided. A somewhat similar fixture 
Ms shown at Pig. 60, B, this being in use with the ratchet drill 
sliown at Pig. 50, D. The fixture, which is known as the “old 
man” in rejiair shop parlance consists of a vertical post attached 
to a slotted base that can Jie clamped in any desired position by 
bolts or straps. The ratchet drill has a hand-operated screw feed 
and the arm against which the pressure of the drill is exerted may 
be rais(‘d, lowered or .swung ai;ouiid to any desired position. A 
fitting of this nature may be used in connection with a wide variety 
of ratchet heads. The advantage of the ratchet arrangement is that 
|.it permits one to drill holes m places where it would not be possible 
to turn a hand drill as the lever can be oscillated tlwough a small 
arc of a circle instead of a complete revolution. The special form 
of drill press shown at Fig. 60, C, can be changed over by a 
single tr4> from a drilling machine that will give a continual rotary 
J motion to the chucks to a form that wnll give only an oscil- 
lating motion which is desirable in valve grinding. Another form 
of electrically operated sensitive drill press for the repairshop 
work-bench is shown at Pig 60, D. Tliis differs jn construction 
^from that previously described in Chapter I, only in the method 
>of drive which isr by belt instead of friction discs. 

Minor drilling operations with an ordinary htind drill are some- 
times made difficult by the inability of the operator, to hold the 
drill perfectly straight. The usual custom is to allow the head 
of the drilling tool to rest against the cheat so tliat one hand may 
be used to get the brace straight and the other to turp the handle. 
This method requires much exertion, especially when a fixed piece 
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of metal is to be drilled and there is always a possibility of t^ 
hole being too large or drills breaking, due to swaying of the drill 
press. A very simple piece of apparatus described by Motor Age 
is shown at Pig. 61 . This easily made jig enables the operator 
to keep the drill perfectly stra^ht because one hand can be use^' 
to steady the drill. The jig is made of wood and of any con- 
venient size to accommodate the particular drill press used. It 



consists of a block of wood forming a base with two uprights 
rigidly fastened to it by screws or bolts. These are drilled at their 
upper ends to take a piece of three-eighths inch steel rod whi^i 
forms tlie fulcrum for the feed lever which is held under tab 
arm, as the illpstration clearly showsi A hole is drilled in the 
arm lever to take the head of the drill brace, as the detail riiows, 
or if a breast drill is used insteadTof the hand drill, two pieces 
may be attached to keep the breast drill pad from turoing, one 
at each side of that member. A drill press of this nature can bjs 
easily made from the odds and ends found in any repair shop 
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is especially recommended to the motorist who likes to make his 
own mechanical repairs. The work to be operated on can be held 
in place by driving nails at the side or a simple vise to clamp the 
work may be readily extemporized. 

Drills, Reamers, Taps and Dies.— In addition ^o the larger ma- 
chine tools and the simple hand tools previously described, an essen- 
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Fig. VZ4-4foitm of Mils Used In Hand and Fewer Drilling Uachlnea 

tigl item of equipment of any antomobile repair shop, even in 
eases where the ordinary machine tools are not provided, is a com- 
plete outfit of drUls, redhters, and threading tools. Drills are 
of two gmieral classes, the flat and the twist drills.. The flat 
drill has an angle between catting edges of about 110 degrees and 
is usually made from special steel commercially known as drill rod. 
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A flat drill cannot be fed into the work very fast because it rf 
moves metal by a scraping, rather than a cutting process. The 
twist drill in its simplest form is cylindrical throughout the en- 
tire length and has spiral flutes whicli arc ground off at the end 
to form the cutting lip and w^liich also serve to carry the metal 
chips out of the holes. The simplest form of twist drill used 
is shown at Fig. f»2, C, and is known as a “chuck’’ drill because 
Jki must be placed in a suitable chuck to turn it. A twist drill 



Tig. 63. — ^Useful Set of Ntimber Drills, Showing Stis^nd for Keeping These 
in an Orderly Manner. 

iremoves metal by cutting and it is not necessary to use a heavy 
feed as the drill will tend to feed itself into the work. 

Larger drills than «T.4-inch are usuaUy made with a tapered 
sheink as shown at Fig. 62, B. At the end of the taper a tongue is 
formed which engages with a suitable opening in the collet, as the 
piece used to support the drill is called. The object of this tongue 
is to relieve the tapered portion of the drill from the stress of 
driving by frictional contact alone, as this would not turn the drill 
positively. and the resulting slippage trould wear the socket, this 
tiepreeiation changing the taper and making it unfit for. other 
■driU^’ The tongue is usually proportioned so it is adequate 
to jii^a^'the drill under any condition. A small keyway is pro*- 
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•^‘vided in the collet into which a tapering key of flat stock may be 
driven against the end of the tongue to drive the drill from the 
spindle. ' A standard taper for drill shanks generally accepted by 
the machine trade is known as the Morse and is a taper of five- 
eighths of an inch to the foot. The Brown and Sharp form tapers 
six-tenths of an inch to^he foot. Care must be taken, therefore, 
when purchasing drills and collets, to make sure that the tapers 
coincide, as no attempt should be made to run a Morse taper in a 
Brown and Sharp collet, or vice versa. 

Sometimes cylindrical drills have straight flutes, as outlined 
at Pig. 62, A. Such drills are used with soft metals and are of 
■value when the drill is to pass entirely through the work. The 
trouble with a drill with spiral flutes is that it will lend to draw 
itself through as the cutting lips break through. This catching 
of the drill may break it or move the work from its position. 
With a straight flute drill the cutting action is practically the 
same as with the flat drill shown at Pig. 62, E and F. 

If a drill is employed in boring holes through close-grained, 
tough metals, as wrought or malleable iron and steel, the opera- 
tion will be facilitated by lubricating the drill with plenty of lard 
oil or a solution of soda and water,. Either of these materials will 

* 

effectually remove the heat caused by the friction of the metal 
removed against the lips of the drill, and the danger of heating 
the drill to a temperature that will soften it by drawing the 
temper is minimized. In drilling large or deep holes it is good 
practice to apply the lubricating medium directly at the drill 
point. Special drills of tlie form shown at Fig. 62, D, having a 
spiral oil tube running in a suitably formed channel, provides 
communication between the point of the drill and a suitable re- 
ceiving hole on a drilled shank. The oil is supplied by a pump 
and its pressure not only promotes positive circulation and re- 
moval of heat, but also assists in keeping the hole free of chips. 
In drilling steel or wrought iron, lard oil applied to the point of 
the drill will facilitate the grilling, hut this material should never 
he used with either brass or cast iron. Tables will he found in 
the last chapter giving drill speeds and feeds and other data 
relative to the use of this tool. 
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The sizes to be provided depend upon the nature of the work 
and the amount of money that can be invested in drills. It is 
common practice to provide a set of drills, such as shown at Fig. 63, 
which are carried in a suitable metal stand, these being known as 
number drills on account of conforming to the wire gauge stand- 
ards. Number drills do not usually run higher than %e 
diameter. Beyond this point drills are usually sold by the diameter. 
A set of chuck drills ranging from to inch, advancing by 
I'm inch, and a set of ]\forse taper shank drills ranging from ^ to 
1 14 inches, by increments of inch, will be all that is needed for 
the most pretentious repair shop, as it is cheaper to bore holes 
larger than lj4 inches with a boring tool than it is to carry a num- 
ber of large drills in stock that would be used very seldom, perhaps 
not enough to justify their cost. 

In grinding drills, care must be taken to have the lips of the 
same length, so that they will form the same angle with the axis. 
If one lip is longer than the other, as shown in the flat drill at 
Fig. 62, E, the hole will be larger than the drill size, and all the 
W'ork of cutting will come upon the longest lip. The drill ends 
should be symmetrical, as shown at Fig. 62, F. 

It is considered very difficult to drill a hole to an exact diam- 
eter, but for most work a variation of a few thousandths of an inch 
is of no great moment. Where accuracy is necessary, holes must 
be reamed out to the required size. In reaming, a hole is drilled 
about %2 inch smaller than is required, and is enlarged with a cut- 
ting tool known as the reamer. Bcamers are usually of the fluted 
form shown at Fig, 64, A. Tools of this nature are not designed 
to remove considerable amounts of metal, but are intended to 
augment the diameter of the drill hole by only a small fraetion 
of an inch. Reamers are tapered slightly at the point in order 
that they will enter the hole easily, but the greater portion of 
the fluted part is straight, all cutting edges being parallel. Hand 
reamers are made in either the straight or taper forms, that at A, 
Fig. 64, being straight, while B has l|ipering flutes. They are 
intended to be turned by . a wrench similar to. that employed in 
turning a tap, as shown at Fig. 66, C. I'he icamer shown at 
Pig. 64, C, is a hand reamer of the taper form widely used by 
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i^^cksmiths. The form at D 4ias spiral flutes, similar to a twist 
drill, and as it is provided with a taper shank it is intended to 
be turned'by power through the medium of a suitable collet. 

As the solid reamers must become reduced in size when sharp- 
ened, various forms of inserted blade reamers have been designed. 



i^Flg^ 64.-^IUaBtratlng Standard Forms of Hand and ACachlne Beamers. 


One of these is shown at Fig. 64, 13, and as the . cutting surfaces 
become reduced in diameter it is possible to replace the worn blades 
with others of proper size. ^Expanding reamers are of the form 
shown at Fig. 64, P. These have a bolt passing through that fits 
^nto a tai^ring hole in the interior of the split reamer portion of 
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the tool. If the hole is to he enlarged a few thousandths of an inch^ < 
it is possible to draw up on the nut just above the squared end 
of the shank, and by drawing the tapering wedge farther into the 
reamer body, the cutting portion will be expanded and will cut 
a larger hole. 

Reamers must be very carefully sharpened or there will be & 



Fig. 65. — ^Tools for ^Hiiead Cutting. 

tendency toward chattering with a consequent production of a 
rough surface. There are several methods of preventing this chat- 
tering, one being to separate tlie cutting edges by irregular spaces, 
while the most common method, and that to be preferred on ma- 
chine reamers, .is to use spiral flutes,® as shown at Pig. 64, D. 
Special taper reamers are made to conform to the various taper 
pin sizes which are widely used in holding parts together in an 
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biUonictbile. A taper of inch per foot is intended for hcdes 
where a pin, once driven in, is to remain in place. When it is 
dewred that the pin be driven out, the taper is made steeper, 
generally Ya inch per foot, which is the standard taper used on 
taper pins. 

When threads are to be cut in a small hole, it will be apparent 
that it wUl be difficult to perform this operation economically on 
a lathe, therefore when internal threading is called for, a simple 
device known as a ‘!tap” is used. There are many styles of taps, 
all conforming to different standards. Some are for metric or 
foreign threads, some conform to the American standards, while 
others are used for pipe and tubing. TTaud taps are the form most 
used in repair shops, those being outlined at Fig. 65, A and B. 
They are usually sold in sets of three, known respectively as taper, 
plug, and bottoming. The taper tap is the one first put into the 
hole, and is then followed by the plug tap which cuts the threads 
deeper. If it is imperative that the thread should be full size 
clear to the bottom of the bole, the third tap of the set, which is 
straight-sided, is used. It would be difficult to start a bottoming 
tap into a hole because it would be larger in diameter at its jmint 
than the hole. The taper tap, as shown dt A, Fig. 65, has a 
portion of the cutting lands ground away at the point in order 
that it will enter the hole. The manipulation of a tap is not hard, 
as it does not. need to be forced into the work, as the thread will 
draw it into the hole as the tap is turned. The tapering of a 
tap is done so. that no one thread is called upon to remove all of 
the metal, as for about half way up the length ><f the tap each 
succeeding thread is cut a little larger by the cutting edge until 
the full thread enters the hole. Care must be taken to always 
entei a tap straight in order- to have the thread at correct angles 
to the surface. 

In cutting external threads on small rods or on small pieces, 
such as holts and studs, it is not always economical to do this work 
in the lathe, especially in repair work. Dies are used to cut 
threads on pieces that are 4o he placed in tapped holes that have 
been threaded by the corresponding size of tap. Dies for small 
work are often ^ade solid, as shown at Fig. 66, C, but solid dies 
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ai-e usually limited to sizes below inch. Sometimes the solid die 
is cylindrical in shape, with a slot through one side which enables 
one to obtain a slight degree of adjustment by squeezing the slotted 
portion together. Large dies, or the sizes over inch, are usually 



Fig. 66. — Showing Holder Designs for One and Two Piece Thread Outtlng 

Dies. 

made in two pieces in order that the halves may be closed up 
or brought nearer together. The advantage of this form of die 
is that either of the two pieces may be easily sharpened, and as 
it may be adjusted very easily the thread may be cut by easy 
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^stages. For example, the die may be adjusted to cut large, which 
will produce a shallow thread that will act as an accurate guide 
when tlie die :s closed up and a deeper thread cut. 

A common form of die holder for an adjustable die is shown 
at Fig. 66, i.. As will be apparent, it consists of a central body 
portion having guide members to keep the die pieces from falling 
out and levers at each end in order to permit the operator to 
exert sufficient force to remove the metal. The method .of ad- 
justing the depth of thread with a clamp screw when a two-piece 
die is employed is also clearly outlined. The diestock shown at B 



Fig. 67. — Outfit of Taps anfi Dies for the Antomohile Bepair Shop. 


is used for the smaller dies of the one-piece pattern, having a slot 
i'in order that they may be closed up slightly by the clamp screw. 
The reverse side of the diestock shown at B is outlined below it, 
and the guide pieces, which may be easily moved in or out, ac- 
cording to the size of the piece to be threaded by means of ec- 
^(sentrieally disposed semi-circular slots in the adjustment plate, are 
^■shown. These movable guide members have small pins lot into 
their surface which engage the slote, and they m'ay be moved in 
or out, as desired, according to the position of the adjusting plate. 
The use of the guide pieces makes for accurate positioning or cen- 
tering of the rod to be threaded. Dies arc usually sold in sets, 
and are commonly furnished as a portion of a complete outfit 
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such as outlined at Fig. 67. That shown has two sizes of die- 
stock, a tap wrench, eight assorted dies, eight assorted taps, and a 
small screw driver for adjusting the die. An automobile repair 
shop should be provided with three different sets of taps and dies, 
as three different standards for the bolts and nuts are used in 
fastening automobile components. These are the American, metric 
(used on foreign ears), and the S. A. E. standard threads. A set 
of pipe dies and taps will also be found useful. 



Fig. 68. — Common Forms of Inside and Outside Calipers. 


Measuring Tools. — The tool outfit of the machinist or the, ipe- 
clianic who aspires to do machine work must include a liumbcr 
of measuring tools which are not needed by the floor viksxi ,or 
one who merely assembles and takes apart the finish^^d ‘ pieces'. 
The machinist who must convert raw material into finished pro<I- 
nets requires a. number of measuring^ tools, some of which at^ 
used for taking only approximate measurements, such as Calipers 
and scales, while others ore intended to take very accurate meas- 
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urements, such as the Vernier and the micrometer. A number of 
common forma of calipers are shown at Fig. 68. These are known 
as inside or outside calipers, depending upon the measiirements 
they are intended to take. That at A is an inside caliper, consisting 
of two legs, A and D, and a gauging piece, B, which can be locked 



. Fig. 60,— View Showliig Utility of Oomblnatioa Insldo axiA Outside 
Ttletton Joint Oalipen. 


to leg. A, or released from that member by the screw, C. The 
object of this construction da to permit of measurements being taken 
at the bottom of a two diameter hole, where the point to be 
measured is of larger diameter than the portion of the hole through 
which the calipers entered. It will be apparent that the legs. 
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A and D must be brought close together to pass through the 
sirialler holes. This may be done without losing the setting, as the 
guide bar B will remain in one position as determined by the 
size of the hole to be measured, while the leg A may be sw’ung 
in to clear the obstruction as the calipers arc lifted out. When 
it is d(isired to ascertain the measurements the leg A is pushed 
back into place into the slotted portion of the guide B, and locked 
by the clamp screw C. A tool of this form is known as an in- 
ternal transfer caliper. 

The form of caliper shown at B is an outside caliper. Those at 
C and 1) are special forms for inside and outside work, the form(?r 
being used, if desired, as a divider, while the latter may be em-* 
ployed for measuring the walls of tubing. The calipers at E are 
simple forms, having a friction joint t(» distinguish them from 
the spring calipers shown at B, C and I). In order to permit of 
ready adjustment of a spring caliper, a split nut as shown at O 
is sometimes used. A solid nut calipiT can only be adjusted by 
screwing tlie nut in or out on the screw, which may be a tedious 
process if the caliper is to be set from one extreme to the other 
several times in succession. With a slip nut as shown at G it is 
possible to slip it from one end of the thread to the otluBr without'^ 
turning it, and of locking it in jilace at aiiy desired point by simply ' 
allowing the caliper leg to como in contact witli it. The method of 
adjusting a spring caliper is shown at Fig. 68, 11. The caliper 
shown at Fig. 69, A, is known as a “ hermaphrodite, and is so 
called because it can be used for measuring both diameters of ^ 
pieces or bores of holes. It is provided with a removable and 
adjustable point, two being provided with each device. One of 
these is curved, the other is straight. The point is firmly held 
in position by a knurled' nut and washer and draw bolt, and is 
given additional support by the loop at the end of the caliper i 
leg. The auxiliary caliper point furnished with these tools makes 
it possible to convert the tools readily into an inside caliper. 
Two uses of this tool are shown at Fig. 69, B and C. These are 
self-explanatory. 

An important tool that should be included in the equipment 
of every shop where machine tools are used is shown at Fig. 70, A. 
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rig. 70 . — niustrating Typical Surface Gauge and Methods of Using. 
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This is used in connection with the surface plate or the bed of 
a drill press or planer, and will serve many purposes. The tool 
shown is provided with three spindles ranging from nine to eigh- 
teen inches in length, and the construction admits of swinging the 
standard three-(iuarters of the distance around the base. The ad- 
justing mechanism is so arranged that it can be set at any desired 
position. The clamping devices are rigid and firm and are not 
susceptible to slipping. ,The application at B shows the hse in 
laying out lines on the^ boss of a casting where the scriber point 
can be placed directly over the boss. The application at C sliows 
the method of making these lines where the scriber point support 
must be offset and placed at some distance from the boss to be 
marked. At D the surface gauge is shown used in connection 
with a scale in order to make measurements and secure the align- 
ment^ of an angular I section casting. At E the method of scrib- 
ing a line around a piece of barstock or tube is shown. The re- 
maining illustrations show the uses of the surface gauge in laying 
out w-ork of various kinds. Many other combinations are possible 
besides those shown, as a tool of this nature can be used as a bench 
gauge, scribing bjock or depth gauge. 

Among the most common of the machinist's tools are tl?ose 
used for linear measurements. The usual forms arc shown in 
group, Fig, 71. The most common tool, which is widely knowm, 
is the carpenter’s folding two-foot rule or the yardstick. While 
*hese are very convenient for taking measurements where great 
iccuracy is not required, the machinist must work much more ac^ 
eurately than the carpenter, and the standard steel scale which is 
shown at Fig. 71, D, is a popular tool for the machinist. The 
^steel scale is in reality a graduated straight edge and forms an 
important part of various measuring tools. These are made of 
high grade steel and vary from 1 to 48 inches in length. They 
are carefully hardened in order to preserve the graduations, and 
all surfaces and edges are accurately ground to insure absolute 
parallelism. The graduations on the high grade scales are pro- 
duced wth a i^ecial device known as a dividing engine, but on 
cheaper Scales, etching suffices to provide a fairly accurate grad- 
uation. . The steel scales may be very thin and flexible, or may 
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be about an eighth of an inch thick on the twelve-inch size, which 
is that commonly used with combination squares, protractors and 
other tools of that nature. The repairman ’s scale should be grad- 
. uated both with the English system, in which tike inches are 
divided into eightlis, sixteenths, thirty-secondths and sixty-fourths, 

■ and also in the metric system, divided into millimeters and .centi- 
. meters. Some machinists use scales graduated in tenths, twentieths, 

. fiftieths and hundredths. This is not as good a system of gradua- 
: txon as the more conventional one first described. 

Some steel scales are provided with a slot or groove cut the 

■ entire length on one side and about the center of the scales. This 
permits the attachment of various fittings such as the protractor 
head, which enables the machinist to measure angles, shown at 
Fig. 70, B, or in addition the heads convert the scale into a square 
or a tool permitting the accurate bisecting of i)ieces of circular 
section. Two scales are sometimes joined together to form a right 

• angle, such as shown at Pig. 70, 0. This is known as a skjuare and 
. is ver>' valuable in ascertaining the truth of vertical pieces that 
1 arc supposed to form a right angle with a base piece. The Ver- 
nier is a device for reading fiher divisions on a scale than those* 
into Avhich the scale is divided. Sixty-i'ourths of an inch ai'e about 
' the finest division that can be read accurately with the naked eye. 
VThen fine work is necessary a Vernier is employed. Tliis consists 
essentially of two rules so graduated that the true scale has each 
inch divided into ten equal parts, the upper or Vernier poiii'm 
has ten divisjon.s occupying the same space as nine of the divisions 
of the true scale. It is evident, therefore, that one of the di- 
Aisions of the Vernier is equal to nine-tenths of one of those on 
the true scale. If the Vernier scale is moved to the right so that 
the graduations marked ‘‘1” shall coincide, it will have moved 
one-tenth of a division on the scale or one-hundredth of an inch. 
When the graduations numbered 5 coincide the Vernier will have 
moved five-hundredths of an inch; when the lines marked 0 and 
10 coincide, the Vernier will have moved nine-hundredths of an 
inch, and when 30 on the Vernier comes ^posite 10 on the scales, 
the upper rule will have moved ten-hundredths of an inch, or the 
.whole of one division on the scale. By this means the scale, 
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though it may be graduated only to tenths of an ineh. may he 
accurately set at points with positions expressed in hundredths of 
an inch. "When graduated to read in thousandths, the true scale 
is divided into fifty parts and the Vernier into tw’cnty parts. Each 
division of the Vernier is tiiercfore equal to nineteen-twentietha 
of one of the true scale. If the Vernier be moved so the lines of 
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the first division coincide, it \vill have moved one-twentieth of one- 
fiftieth, or .001 inch. The Vernier principle can be readily grasped 
by studying the section of the Vernier scale and true scale shown 
5fat Pig. 73, A. 

The caliper scale which is shown at Fig. 71, A, permits of 
taking the over-all dimension of any parts that will go between 
the jaws. This scale can be adjusted very accurately by means 
of fine thread screw attached to movable jaw and the divisions 
may be divided by eye into two parts if one sixty-fourth is the 
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smallest of the divisions. A line is indicated on the movable jav 
and coincides with tlie graduations on the scale. As will he appar> 
ent, if the Unc does not coincide exactly with one of the gradu- 
ations it will be at some point between the lines and the true 
measurement may be approximated without trouble. 

A group of various other measuring tools of value to the 
luaehiuist is shown at Fig, 72. The small scale at A is termed 
a “center gauge," because it can be used to test the truth of 
the taper of either a male or female lathe center. The two smallei 



Fig. 73.— At Lett, Special Fonn of Vernier Oallper for Meaanrlng 0ear 
Teeth; at Bight, Micrometer for Accurate Bitemal Measurements. 


JBieks or v’s 'indicate the shape of a standard thread, and may be 
used as a guide for grinding the point of a thread-cutting tool. 
T^e cross level which is shown at B is of marked utility in erecting, 
as it will indicate absolutely if the piece it is used to test is level. 
It will indidate if the piece is level along its width as well as 
its length. 

A very simple attachment for use with a scale that enables the 
machinist to scribe lines along the length of a cylindrical pidee is 
^^^nfn at Fig. 72, C. These are merely small wedge-i^aped clamps 
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having an angular face to rest upon the oars. The thread pitch 
gauge M'hich is shown at Fig. 72, D, is an excellent pocket tool 
for the garage mechanic, as it is often necessary to determine 
without loss of time the pitch of the- thread on a bolt or in a nut. 
This consists of a number of leaves having serrations on one edge 
corresponding to the standard thread it is to be used in measuring. 
The tool shown gives all pitches up to 48 threads per inch. The 
leaves may be folded in out of the way when not in use, and 
their shape admits of their being used in any position without 
the remainder of the set interfering with the one in use. The 
fine pitch gauges have slim, tapering leaves of the correct shapo 
to be used in finding the pitch of small nuts. As the tool is- 
round when the leaves are folded back out of the way, it is an 
excellent pocket tool, as there are no sharp corners to wear out 
the pocket. Practical application of a Vernier having measuring 
heads of special form for measuring gear teeth is shown at Fig. 
73, A. As the action of this tool has been previously explained, 
it will not be necessary to describe it farther. 

Where great accuracy is necessary in taking measurements the 
micrometer caliper; which in the simple form will measure easily 
.001 inch (one-thousandth part of an inch) and when fitted with 
a Vernier that will measure .0001 inch (one ten-thousandth part 
of an inch), is used. The micrometer may be of the caliper form 
for measuring outside diameters or it may be of the form shown 
at Fig. 73, B, for measuring internal diameters. The operation 
of both forms is identical except that the internal micrometer ia 
placed inside of the bore to be measured while the external form 
is used just the same as a caliper. The form outlined will meaS' 
ure from one and one-half to six and a half inches as extension 
points are. provided to increase the range of the instrument. The 
screw has a movement of one-half inch and a hardened anvil is 
placed in the end of the- thimble in order to prevent undue wear 
at that point. The extension points or rods are accurately made 
in standard lengths and are screwed into the body of the instru- 
ment instead of being pushed in, this insuring firmness and ac- 
curaey. Two forms of micrometers for external measurements arv. 
shown at Fig. 74. The top one is graduated to read in thousandt/v 
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Fig. 74. — Standard Forms of Micrometer Caliper for External Measure- 
ments. 


of an ineli, -vvliile the lower one is graduated to indicate hundredths 
of a millimeter. The mechanical pi'iiituple involved in the con- 
struction of a niicrometer is tliat of a screw free to move in a 
fixed nut. An opening to receive the work to bo measured is 
provided by the backward movement of the thimble which turns 
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the screw and the size of the opening is indicated by the gradu- 
ations on the barrel. 

The article to be measured is placed between the anvil and 
spindle, tlie frame being held -stationary while the thimble is 
revolved by the thumb and finger. The pilch of the screw thread 
on the concealed part of the spindle is 40 to an inch. One com- 
plete revolution of the spindle, therefore, moves it longitudinally 
one-fortieth, or twenty -five tlionsandths of an inch. As will be 
evident from the development of the scale on the barrel of the 
inch micrometer, the sleeve is marked with forty lines to the 
inch, each of these lines indicating twenty-five thousandths. The 
thimble lias a bev(?led e<lge which is graduated into twenty-five 
parts. When the instruiiKUit is closed tlui graduation on the bev- 
eled edge of the thimble marked 0 should correspond to tlie 0 
Jine on the barrel. If the micromctt*r is rotated one full turn 
^lie opening between the sT)iiKlh‘ and anvil wdll be ,02r> iiudi. If 
tlie thimble is turned ordy one graduation, or one twenty -fifth of a 
revolution, the opening between the spindle and anvil will be 
increased only by .001 inch (one-thoiisamlth of an inch). 

As many of the dimensions of the automobile parts, especially 
of those of foreign manufaetnre or such parts as ball and roller 
bearings, are based on tlie metric system, the automol)ile repairman 
should possess both inch and metric raieroiiieters in order to avoid 
continual reference to a table of metric equivalents. With a 
metric inicroinoter Ihi're arc fifty graduations on the barrel, these 
representing .01 of a millimeter or ai)proxiniately .()t)04 inch. 
One full turn of the barrel means an increase of half millimeter, 
or .50 mm. (fifty one-hundredths). As it takes two turns to aug- 
ment the space between tlie anvil and the stem by increments of 
one millimeter, it will be evident that it Avoiild not be difficult 
to divide the soaces on the metric micrometer thimble in halves by 
the eye, and tlnifc the average workman can measure to .0002 inch 
plus or mifuis witiioiit difficulty. As set in the illustration, the 
metric micrometers shovf^a space of 13.5 mm., or about one milli- 
meter more than half an inch. ^The inch micrometer slunvn is 
set to five-tenths or five hundred one-thousandths or one-half inch. 
A little study of the foregoing matter will make it easy to under- 
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stand the action of either the inch or metric micrometer. A table 
of metric equivalents will be found in the back of the book to 
enable the workman to change inches to millimeters, and vice versa, 
without any trouble. 

Both of the micrometers shown have a small knurled knob at 
the end of the barrel. This controls the ratchet stop, which is a 
device that permits a ratchet to slip by a pawl when more than 
a certain amount of pressure is applied, thereby preventing the 
measuring spindle from turning further and perhaps springing 
the instrument. A simple rule that can be easily memorized for 
reading the inch micrometer is to multiply the number of vertical 
divisions on the sleeve by 25 and add to that the number of di- 
visions on the bevel of the thimble reading from the zero to the 
line which coincides with the horizontal line on the sleeve. For 
example : if there are ten divisions visible on the sleeve, multiply 
this number by 25, then add the number of divisions shown on 
the bevel of the thimble, which is 10. The micrometer is there- 
fore opened 10x25 equals 250 plus 10 equals 260 thousandths. 

Micrometers are made in many sizes, ranging from those hav- 
ing a maximum opening of one inch to special large forms that 
will measure forty or more inches. While it is not to be expected 
that the repairman will have use for the big sizes, if a caliper 
having a maximum opening of^six inches is provided with a num- 
ber of extension rods enabling one to measure smaller objects, prac- 
tically all of the measuring needed in repairing automobile parts 
can be made accurately. Two or three smaller micrometers having 
a maximum range of two or three inches will also be found 
valuable, as most of the measurements will be made with these 
tools which will, be much easier to handle than the larger sizes. 

.Latiie Accessories and Lathe Tools. — Mention has- been pre- 
viously made of the marked utility of the lathe and its many 
advantages which make it an indispensable article of repair shop 
equipment. When one purchases a lathe there are a number of 
accessories that are usually furnished with that tool without extra 
cost. These include a large face plate, having a capacity equal 
to th$ f^l swing of the lathe, a steady rest and a follow rest. A 
nnnibgp of the most important lathe accessories are shown in illus- 
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trationa Figs. 75 and 76. The steady’' rest shown at Fig, 75, A, 
is used w^hen a long shaft is being turned that cannot be supported 
by the tail stock center. This consists of a frame Jiingcd at D, 
having three movable jaws, B, B, B. These jaws may be regulated 
by suitable screws and can be held firmly in place by setting 
down tlie clami)ing nut wlien they have been adjusted to form a 
suitable bearing for the piece to be turned. Tlie usual construc- 
tion of a face i)]ate is shown at B. This can be made into a chuck 
by attaching face plate jaw’s such as are shown at Fig. 7(5, P. 
The face plate is provided with four T-slots to permit the easy 
i]]sertion of clam])jng ]K)lts, and also has numerous slots through 
the face to ])ernut of bolting on angle plates or other fixtures to 
liold tlie work. A four-jaw chuck is shown at Fig. 75, C. This 
consists of a body fast(med to a special face plate in a mainmr 
tliat insures concentricity with the spindle. Cliueks may be of 
two types, universal chucks arc those in which the four jaws may 
ho controlle<l by any one of the screw heads while an independent 
cliuck is a form having each ydw controlled by its individual 
screw indepejidently of the other. Sometimes a clnick may be of 
a combinatioJi type, and the wwk-hoMing jaws may ))e operated 
universally or independently, as desired. ^ 

]\IandreLs or arbors to support work to be turned are shown 
at D and E. That at I) is provided with slots adapted to take 
pieces of various heights, making it ])ossiblc to use tlie common 
arbor as a basis for supporting work of various diameters by 
using the proper filling pieces.. One of the filling pieces is shown 
at B 1, while the piece emploj^ed to hold the filling pieces in 
position in the mandrel slots is shown at B 2. The mandrel at E 
is. an expanding form, in which a piece may bo held tightly by 
moving the exi)ander carrying the piece along the taper of the 
arbor until the piece m firmly held by the enlargement in size 
of the slotted expander sleeve. 

The indicator shown at F, Fig. 75, is intended for centering 
work accurately in a chuck or on a ftfee plate. Tliis consists of 
a bell crank having considerable multiplication of leverage, so that 
a ,yery slight movement of the short arm wdll mean about ten 
ti^s as mueli of the long arm wliich serves as an indicator. 
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Fig. 76. Outlining Construction of Lathe Chuch;^ and Driving Dogs. 


The indicator .shown at*G is also intended for use in the tool 
post, and is a gauge for indicating tlic truth of center holes. Thi.s 
also is a multiplying lever, fuleruraed in a universal joint, sup- 
ported by a suitable yoke. The short arm of the indicator is 
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placed in the center, and if that runs out of truth it will greatly 
magnify the amount of running out which wdll be indicated by 
the degree of movement of the indicator point. 

The internal construction of the usual pattern of three-jaw 
universal chuck is clearly outlined at B, C and D, Fig. 76. The 
view at A shows tlie chuck assembled. That at B shows the bottom 
half, which is attached to the head stock spindle. At C the bevel 
rack that is employed to cause the jaw-regulating screw\s to move 
in unison is shown. This bevel rack engages the bevel pinion 
showm on the adjusting screws at D. A movement of any one 
of the screws will therefore produce a corresponding and equal 
movement of the other two. At E the internal mechanism of a four- 
jaw chuck is shown. At P, a face plate fitted with chuck jaw^s is 
depicted. When w'ork is supported on a mandrel it is necessary 
to provide some means of turning it, because the frictional con- 
tact on the live center (that carried by the head stock) is not 
sufficient to turn the arbor against the resistance of the cutting 
tool. Lathe dogs are used to turn the work, these being simple 
clamp members having projecting tails designed to engage one 
of the slots of the face plate. For rouncl work the form shown, 
at G 1, Fig. 76, is commonly used. The shaft or arbor to be 
driven is placed in the hole A, and firmly secured by tightening 
the clamp screw. For work other than round, the lathe dog shown 
at G 2 is very satisfactory. The lathe dogs at G 3 and 4 are 
special forms that can be used with either round or irregular 
work. The simplest form of arbor and tliat commonly used is 
shown at Fig. 76, H. This is a piece of steel ground to some 
standard size, but having a slight taper with the ends flattened 
to permit of secure holding by the lathe dog clamp screivs. While 
the simple mandrel is a popular form, it has the disadvantage 
that the constant driving on and ofif of the work will produce de- 
preciation and the ^mandrel will become reduced in size. Solid 
arbors are usually obtained in sets ground to standard diameters 
varying by thirty-seconds or sixteenthir of an inch. It is con- 
ceivable that there would be many pieces to be handled that would 
not fit any standard solid arbor. In order to handle these odd 
size pieces an expanding suppoit, either of the form shown *st 
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Fig, 75, E, or 76, I, can be used. A mandrel of this kind is ar- 
ranged so tiiat the pieces designed to grip the work can be forced 
tightly against the piece to be turned by locating the expander 
farther on the taper, which is greater than that of the solid 
form. 

No lathe is complete without a w'ell-seleeted outfit of cutting 



tools, which may be obtained in a, great variety of forms. One 
of the most popular types for all around work -is the “Champion” 
tool holder, which takes various cutting points, which can be read- 
ily changed in the master holder. This is shown at Fig. 77, A, 
with a simple round nose-turning tool in place. As will be ap- 





parent, the tool which docs the cutting is ground from a piece of 
square tool steel of proper size to fit the square hole in the body 
of the tool holder, whicli is usually a steel forging. Another form 
of ‘‘Champion'' tool holder used for thread cutting is shown at 
B, Fig. 77. The cutter may be adjusted as it ivears or is r(‘duced 
in size by grinding by loosening the clamp screw and raising the 
cutting tool whicli is provided with a series of ratchet teeth, and 
then once again tightening the clamp screws which brings the 
ratchet teeth on the cutter and on the tool holder into positive 
engagement. The proper angles for a cutting-down tool are shown 
at C, and a side tool at D. The angle on the front edge of the tool 
is known as a clearance angle, while tliat from the cutting point 
back is known as the rake on a straight ciutting-down tool. On 
the side tools then* is another angle to be considered, known as 
the top angle. This is clearly indicated. The form of tlie cutting 
l»oint used depeiid.s largely upon the eharact(*ristics of the material 
to be cut. The first consideration relates to the softness of the 
material, the other to structure, whether it is crystalline like cast 
iron or fibrous like wrought iron. The clearance is added to the 
tool to prevent it from riilibing on the work, Avliile the degree of 
rake determines the cutting ability or sharpness of the cutting edge, 
and gives freedom for the chip to h‘ave the work. A lathe tool 
should always be set so the cutting edge will be very nearly at a 
point that would correspond to a horizontal line drawn through 
the center of the work. Jf a tool is set too low, it will tend to dig 
into the work and force it from the centers, whereas if it is set too 
high, the angle of clearance will be reduced and the work 'Avill 
rub against the bottom of the tool. Many machinists favor setting 
;the cutting edge just a little above the center or at a point eor- 
i’osponding to al)Out five degrees above the horizontal line drawn 
^.hrough the axis. 

i A complete set of cutting tools for use with the Champion tool 

t jolder, shown at Fig. 77, A, is clearly outlined at Pig. 77, E. 
The tools are made of various grades of tool steel, which is a high 
|;arbon alloy capable of being hardened byrraising its temperature 
Ijo about 3500 degrees Fahr. and then quenching in water, oil or 
wine, according to the degree of hardness desired. Various alloy 
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steols containing tnngston, molybdenum, cobalt, and other sub- 
stances are also obtainable, these possessing desirable qualities such 
as ability to keep their edge at greater heat than tool steel of the 
straight high carbon form, or of having greater resistance for 
cutting tough metals sucli as the chrome-nickel or chrome-vana- 
dium steels so widely used in automobile construction. 

The Armstrong tool holders are made in a variety of patterns, 
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Fig. 78. — ^Armstrong Tool Holders for Msny TTses. 

the most common of which are .shown at Fig. 78. As each is 
named in the illustration, further description is unnecessary. The 
, general construction is the same for all tools, the main portion 
or body being a steel forging not subject to deterioration, while 
the cutting point or tool is readily removable for grinding or 
replacing. While the tool holder has many advantages, it is 
often necessary to make special lathe tools such as when turning 
filets, boring and other operations where the conventional form 
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of tool holder could not be used to advantage. Before tlie advent 
of the tool holder, lathe tools were forged of tool steel by the 
blacksmith according to the individual preferences of the ma- 
chinist having the work done. While the forged tools are entirely 
satisfactory, it is not practical to use special cutting steel on ac- 
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count of the great cost of this material. As practically the only 
point where the high grade steel is desired is around the cutUag 
edge, it will be apfparent that it would be very wasteful to use 
-that material for the body of the tool, y^hich eonld be just as well 
made of a cheaper grade of steel. This, of course, is the g^eat 
advantage of the Armstrong tool holder and similar deviceC. A 
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srt of hand-forged tools ordinarily vised in lathe work ate shown 
at Fig. 79. That at 2 is a right-hand side tool, that at 1 is a left- 
liand side tool. The others in order are as follows? 3, right-hand 
hent; 4, diamond point; 5, right-hand diamond point; 6, round 
nose ; 7, finishing tool for cast iron ; 8, cutting oflE tool ; 9, threading 
tool ; 10, roughing tool ; 3 1, tool for boring ; 12, fine thrcaduig tool ; 
13. right-hand bent threading tool ; 14, inside threading tool. 

The lathe may be fitted with various attachments that will 
permit it to take the place of practically any other machine tool. 
Some of these have been previously illustrated. Many of the 
surfaces of automobile parts, especially of bearing points on shafts 
are finishevl by grinding and as a regular grinding machine is 
an expensive investment, owing to the fact that there would not 
be enough work to keep it bu.sy ; various forms of grinding attach- 
ments that can be placed directly on the lathe have been devised. 
Those outlined at Fig. 80. may be used for e,ither external or 
internal grinding. The attachment for external grinding shown 
at B, and C, consists of a simple stand that may be attached to 
the tool post carriage and which supports a wheel carrying arbor 
and driving pulley. In order to permit the lathe carriage to be 
moved along the lathe bed, the attachments are driven by a long 
driving drum driven from the lathe countershaft and snppiirted 
bj^ an independent cross shaft of its ovv'n, above the lathe bed, and a 
little to one side of tlie lathe centre so the driving belt will not 
interfere with the work, which is usually supported by centers. 
The tool for internal grinding is practically the same as that for 
external work except that an extension arm is provided to carry 
the outboard bearings of the wheel spindle. These devices must 
be very jrigid as in most internal work wheels of small diameter 
must be used, which, of ' course, must be turned at high speed 
in order to attain the recommended peripheral velocity of 5,000 to 
. 6,000 feet per minute. The grinding attachment shown at D, is 
the form that can be used in boring cylinders and similar work, 
while that at G, would Ji>e used for external grinding on shafts 
and pins. 

MisoeHaaeoua Tools and AppIiMieeB.-*-The appliances shown at 
' Fig. 81 are useful and should be included in the equipment of all 
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shops where labor-saving tools are neces-sary to profitable conduct of 
business. At A, Is depicted a simple machine for straightening 
bent stock, shafting, drills, reamers, drive shafts, axles, spindles, 
arbors, broaches and other similar con^onents. It consists of a 
cast iron frame on which V-blocks slide, the work being sup- 
ported by these, and a large screw by which pressure is exert^ 
against the bent part to straighten it. A light steel bar is placed 
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ill front of tlio oentors for conveiiionoe of holding chalk or pencil 
when testing work that has been straightened, and acijuslable 
<‘t*nters are provided to support the shaft at the ends when testing 
for straightness. These are made in various sizes and are very 
useful in reclaiming tools, stock and shafting often thrown in the 
scrap heap and save time and money over the common method of 
hammering, centering work in lathe and testing. A moment’s 
work may .save a finislied spindle or arbor that' would be-difficult 
to r(?store by use of hammer and anvil. This differs from the 
form previously (h^scribed in that it has a substantial cast iron base 
to support it, also in other minor details. 

The angle-bending tool at 15, is a very powerful, but simple ma- 
ehine intended to be operated by band for benrling steel and iron 
rods or bars to various angles without heating. The machine shown 
is a combination typo, it can be used for light or heavy stock, 
and will bond anything frenn liglit drill rod to one inch iron bars, 
Dr flat slock four inches wide by one-half inch thick or its equiva- 
lent. Light stock is bent by .swinging the dies with the hand 
lever, heavier material is formed by using the ratchet lever and 
pinion to move the dies. This is devised to be set on the to]) of a 
strong post, which is set in the center of the floor of the shop so 
that any length of stock may be bent. Various dies are furnished 
and one can make L-fittings, hooks, screw-eyes and rings as well as 
angle pieces. 

As the practise of using the softer alloys for bearings is common, 
a babbitt raelter is a useful fixture to install ii any repair sliop 
doing considerable overhauling work. This coiisivsts of a large 
melting pot adapted to set on a bench, having a gas burner under 
it to heat the metal. One pipe is intended for gas, the other for 
an air blast from blower or foot bellows. This is a much clciuier 
method of melting bearing metal than the forge fire, the coal used 
often containing such elements as sulphur which may change the 
character of the alloy. It is also more convenient and quicker. 
A pot used for this purpose is shown at Fig. 81, C. 

The soda kettle shown at D is used for removing grease and 
dirt from small tools, parts of automobiles, and machinery. A 
coil of steam pipe is used to heat the solution in wliich the articles 
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are placed. This consists of washing soda and water, and pieecs 
immersed in the solntion dry withpnt rusting when taken out. SitcH' 
kettles usually have a capacity of 50 pr 60 gallons and are in* 
tended to be placed in any convenient location among the ma^ 
ddnC' tools. Others are of such form that they can be placed 
against a .wall or in a comer, it removable wire basket or cage 
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for receiving the work is provided, and a small perforated bucket 
or shaker ia fumiahctl for waahiQg auall piecea. Thie method of 
cleaning parts is superior to the common method of using gaso- 
line, as it reduces the fire risk appreciably and the soda solution 
cuts the grease fully as well as the inflammable hydrocarbon. 

It is often possible to extemporize special tools that will serve 
the purpose quite well by making simple additions to ordinary 
tools that may have outlived their usefulness and no longer be 
suitable for the purpo.se for which they were primarily intended. 
Two useful attachments that can be easily fitted to the ordimuty type 
of monkey wrench, when the jaws have become so spr^itg that 
they are no longer suitable for turning nuts, will permit these tools 
* to be used on pipe. These are outlined at Fig. 82 , A, B, and, C. 
That at A, is a simple pipe cutter, comprising a jaw member having 
a recess to receive the jaw of the wrench, this being fitted with 
parallel arms adapted to straddle the wrench shank. A cutting 
wheel or disc is mounted in a block sliding in and guided by a 
suitable yoke piece. This block and the roll it carriek can be moved 
as desired by turning the handle on the feeding screw. Simple 
clamp screws insure that the attachment will be easily and quickly 
attached to the wrench. The pipe is placed between the movable 
jaw of the wrench and roller, and is hacked by .the shank of the 
wrench, as indicated in the illustration. This device is used in 
the same manner as a pipe cutter, the wrench being revolved 
around the pipe and the pressure On the cutter block being in- 
creased gradually to cut deeper into the pipe eael; revolution. 

The device shown at B is Sn extremely simple member, having 
a series of serrations or teeth to permit it to grip a round surface. 
This is made of hardened steel and has a simple clip member by 
which it may be easily attached to the fixed jaw of the wrench. 
jThe U-shapo piece is adapted to closely engage the . top and sides 
‘ of the wrench jaw, the tooth plate is pivoted to the U-member 
in Sufih.a way that it will lie beneath the face of the fixed wrench 
jaw. A locking memher, comimsed of a pin having a grooved end 
end retention spring, , is passed through the U-member to hold the 
attachment in place. Either of the attachments shown at A, or B, 
may be fitted to a monkey wrench without impairing its usefulness 
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for. the work for which it was primarily intended, as they are 
readily removable. The method of fixing a wrench so that it 
will serve as a tube or pipe cutter shown at C, means that some 
machine work is necessary, this consisting merely of boring a 
small hole through each jaw of the wrench. The hardened steel, 
beveled edged discs used in pipe cutters can be purchased for a 
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small sum from any hardware stoi^e. The holes bored through 
the wrench jaws correspond to the size of that in the disc. A stove 
bolt passed through each disc acts as a bearing and is tightened 
down so the discs fit snugly against the jaws of the wrench, yet 
not tightly enough to prevent them from turning. Different sizes 
of i.)ipe may be cut by simply adjusting the jaws as would be neces- 
sary to fit the wrench on various size nuts. 

A soft metal hammer is very useful, but in some eases it may 
be used so seldom that the expense of buying a copper or babbitt 
hammer would not be warranted. A simple substitute is shown 
at Fig. 82, D. This is a eo])per, soft brass or babbitt easting fitted 
to the hammer h(‘ad by three screws. Tlie pattern for the casting 
can be easily made and can be turned out hollow, no core being 
neces.sary. If lead or habijitt metal is used, the easting should 
he somowliat heavier than if a stronger material, such as coi)pcr 
or brass is eni]>l(jye(I. 

Some types of work, suck as light U-shape brackets and similar 
iliembers are not easily drilled on account of the difficulty in holding 
these on the drill press. At Fig. 82, E, a method of utilizing a 
s^tioii of a discarded crankshaft for making a drilling block is 
clearly shown. The chocks of almost all crankshafts are planed 
smooth and parallel, thus making that portion of the shaft parti- 
cularly suitable for this use. The journals are sawed off close 
to each web and these are filed or milled so that the cheek will 
rest firm and level on the drill press bed. The block shown may 
be used for drilling all light bent work and the raised portion en- 
ables the bent part of the work to clear during the operation of 
drilling. A block of tliis nature may be easily clamped onto the 
drill press table by a standard spring clip. 

Modifications of the stethoscope employed by physicians are 
offered for detecting noisy operation of automobile engines, gear 
boxes and other portions of the meclianism. The operation of these 
devices, as is well known, is to localize the noise and thereby ascer- 
tain the part or parts at fault. A very good sonoscope, as these 
instruments are called, thaj; may easily be contrived by the repair- 
man is shown at Fig. 82, F. *This is made from an old telephone 
receiver shell, the construction being so clear timt further descrip- 
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tion seems uimeeessary. The pieces shown below the receive 
are extensions by whieh the rod transmitting the sound to the 
diaphragm may be lengthened when necessary to reach inaccessible 
parts. 

An adjustable socket wrench that has considerable merit is 
shown at Fig. 83, A. This consists of a main handle T, made of 
square section stock with a cross bar welded to the top by which 
it may be turned, a piece of spring steel bent as shown and a clip 
of rectangular form riveted to the lower end of the wrench handle. 
Owing to the tapering sides, as the handle is drawn up the jains 
are permitted to open and the space between them increases, adapt- 
ing the tool for a larger nut than when the handle was pushed wa' 
down and the jaws brought closer together. 

Gaskets and washers of various material, such as rubber, asbesto 
or felt are widely used in automobile construction. These ar 
hard to cut by the ordinary method of using scissors or a knife ^ 
A w'asher cutter, such as shown at Fig. 83, B, forms a useful artici Jp 
of repair shop equipment. The cutting blade is carried by a sli ^ 
ing support which may be set at any desired point on the graduate^ 
cutter bar. The cutter bar is turned by a large T-handle whi(.4* 
not only provides leverage to rotate the cutter but also screwt 
the member carrying the cutter bar into the supporting arm and 
provides a feed so the cutting tool will go through the material of 
which the washer is to be made. ' 

Mention has been previoudy made of the desirability of in- 
duding a soft hammer in the repairman’s kit and a simple fitting 
that can be attached 'to an ordinary machinist’s hammer has beer 
previously described. The “Herat” soft hammer mold which ii 
shown at Fig. 83, C, makes it possible for the repairman to make 
bis own soft hammers at relatively slight expense. The operation.^ 
is ej^tremely simple. A piece of pipe of the size that is to serve 
flQir the handle is inserted in the mold and the swinging top or upper 
'^lortion of the mold is brought in place and tightly damped again 
the pipe by a member provided for that purpose. Old babbitt m^i 
or worn out bushings of white metal are placed in the ladle pottioi * 
of the mold and are then melted over the forge fire. 'When th 
metal is fluid, the mold may be easily picked up end tilted HL , 
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the molten material to dov ftom the ladle into that portion 
0t the mold surrounding the piece of pipe. When the metal 
has cooled, a mallet bead of substantial proportions will he found 
cast around the pipe handle. 

One of the most disagreeable of the operations incidental to 
repairing is fishing for lost bolts and nuts in the narrow confines 
of a motor crank case, gear case or in the small space between 
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the engine and the under pan, where It is difficult to t’lmsl llv 
band or arm. The usual implement for fishing out the lost artieh i 
is a bent wire or copper tube, but the pickup pliers built on th<‘ 
laS 7 tongs principle sho\^n at Fig. 83, D. moke it possible to catch 
almost any object. The pliers measure 21 inches in length, extended, 
but when folded they are but 7 inches long. 

Special Home-made Tools.— The tool outfit of most automobile 
repairmen of experience includes many spooial tools that they 
have made from time to time for doing special jobs. Many of thes‘ 
are well adapted for general work and some that were made by 
the writer when he was in the repair business are shown at Pigs. 84 
and 8.5. While the method of constrnehon is apparent from the 
fketches, it may he well to describe the uses to which the tools can 
he put. At Fig. 84, A, is shown a cotter pin tool used for ex- 
tracting split pins, where tliesc are employed as a locking means.jt 
It will bo noted that a fin of metal is provided at the boohed 
V Ideh serves as a point of support by which considerable leverage 
nay be exerted by a simple rocking motion the fin being supported 
by any convenient projection adjacent to the pin to be removed. 
The other end of the tool is flattened Mid bent up to form a spreader 
to expand the ends of the pin after this member lias been in- 
Ri>rted in the bolt. The offset screw driver shown at B, is easily 
bent np from a heated piece of tool steel, filed to shape and then 
hardened and tempered These may be made in various rises 
depending on the siae of the screws 6iey are to remove. 

. At C, is riiown a socket wrench having a T-handlc that may . 
be made to fit any odd rir.e bolt head or nut thkt the regular stock? 
sockets do not provide for.^ A bent box wrench which can be used 
for spark plugs is shown at D. A home-made universally jointed 
T-ltaudle for turning sockets such as shown at F, is clearly outlined 
at B. At the present time these tools may be pi^ehased fully aH ' 
cheaply as they can be made, unless some odd rise is needed that 
cannot be bought. The socket wrench rimwn at G, was made from 
an old bit stock and w$s intended to> fit the clampiug nUtS ma 
quick detachable demountable rims. Modifications of tills tool will 
prove useful wherever there ate a number of nuts of the same rissy 
that most be removed from time to time. The forged Tihandl* 
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Oliver jsltQifrn at H, 'aaa sjiiade to hatuUa lai^ acrem ami 
slotted baad bolts that eould not be turned 'With the usual pattern 
of serew driver. The -wrench at I was specially devised for remov- 
ing castellated valve chamber caps. The bars at J, and K, are 
very useful for bending or straightening mud guard irons, step and 
lamp brackets, tierods, etc. That at J, is an adjustable type, one 
pf the projections being movable and capable of being inserted 
111 any one of the holes provided on the handle. At L, is shown 



a t^eoiat wrench made for removing the valve chamber caps hav 
ihg an inteipal hexagon socket and also hub caps of the same de- 
sign, The wrmich at M, was made to handle cyhnder head re- 
Itaining bolts that cpuld not be reached -with an orduiary monkey 
tfnraneh> because a’Strt'neh of the proper size was too large through 
the jaws to fit the bolt heads which were set in depressions in the 
cylinder head easting. ^ 

^ Another group of nseftd tools is idiowm at Fig. 85, these also 
Efering so clearly outlined that but brief description will be necessary 
two blocks A, are used for flaring the ends of copper or 
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brass tubing used in making oil or fuel leads so they will fit the 
coned end of couplings or unions. The blocks are steel, cast iron 
or bronze, of the same size and held together in proper relation 
by small dowels. The holes ai'e of proper size to handle 3-16, 1-4, 
5-16, 3-8 and 7-16 inch diameter tubing respectively, and the ends 
are countersunk so the desired fiare may be obtained. Tn using 
these, the tube is placed in the proper sized hole, ahd firmly graspe(\ 


* 11-1 



Fig. 86.— Anotber Group of Special Toola and Appliances of 'Value 
to Automobile Bopalmon. 


/ 

between the blocks in a vise. A portion of the tube protrudes 
above the surface, and is expanded by driving a taper punch so 
the tubing fits the sides of the countersink. 

‘ There is no more annoying condition that confronts the repairs 
man occasionally than dropping a bolt, nut or other small part 
into some particularly inaccessible place such as a crankcase or 
gearcase interior from 'which it must be removed at any cost. For 
this reason, the utensils illustrated at Pig. 86, are of special in- 
terest. That shown at B, is a small electrd-magnct having a fiexibl;^ 
Vh^e so it can be thrust into very inaccessible places. The jtftagwi 
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'is B piece of soft iron about J^-ineh diameter, having a hole bored 
at one eud to receive a piece of yi-meh. annealed copper tubing. 

Tliree layers of No. 18 magnet wire are wwind around it, one end 
of the w’ire being soldered to the copper handle close to the point 
of juncture with tlie iroji ])iece. The other end of the wire is 
brought through the tube and is allowed to protrude for several 
anehes at the oilier eud. A small terminal is soldered to the handle 
where the wire conies out. To use this, the magnetMS connected 
to a six volt battery, preferably dry cells (as the resistance of the 
magnet winding is so low it might short circuit a stonigo battery), 
and brought in contact with the nut or bolt to be removed. If 
jiktliis is iron or steel, it will be attracted by the magnetic force 
and hold to the magnet and it can be easily withdrawn. 

Unfortunately, all small parts are not of magnetic material, 
and as sneh a magnet would not be of any use if tlie object were 
'I'ass, copper or aluminum, tlie tool shown at Ji is also useful. This 
is made on the principle of a fruit jneker, a number of fingers being 
bound logctlier at one end and secured in a handle, while a sliding 
ring can be brought down toward the lower end to close them 
upon the object to be removed. The fingers arc light steel rod, 
_ flattened and serrated at the lower end to afford a grip on an 
irregularly shaped piece. The sliding ring is worked by a liglxl 
rod extemlitig to the top of the handle where it may be easily raised 
and depressed when the lower portion is llirust in tlio inteiior 
of a crankcase, or gear housing in search of some matter out of 
wplace. Either of these devices will be found to have many uses, 
\nd the expense of making them is so slight as to be almost neglb 
■gible. 

It is not always possible to provide retention or clamping nuts 
having square sides to hold a wrench. In some cases this construc- 
ftion would be objectionable on account of appearance, in others, 
as in infernal cla:mping nuts, it is not possible tO' fit cither a hex 
or a square. Nuts of this form are usually ]^rov4ded with a series 
of holes drilled in their face, if of the internal, form or with 
slots milled across their periphery, if of the external form. While 
Jit is possible to move these with a drift pin and hammer it is al- 
ways preferable to use spanner wrenches for the purpose. These 
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are very simple and may be easily made by any repaiman; The 
solid form shown at D, Fig. 85, lias a disadvantage of only fitting 
one size of nuts. The adjustable form shown at P, which ha.s a 
swinging arm, may be set to handle quite a range of work. The 
nut is turned by small pins projecting from the face of the wrench 
and adapted to fit into the holes in the nuts. For external nuts 
having milled slots, the wrench shown at Fig. 85, E, is used. The^- 
large spanner wrench shown at G, is utilized for reriioviug valve 
chamber caps provided w'itli a castellated top. The special socket 
wTench is usefTil wdiere bolts or nuts must be turned from a dis- 
tance as in working dowui. through a seat or floor board wdiere an 
ordinary wTcmdi could not be hamlled 

A chaiu rej)air block is showji at^L This consists of a casf 
iron base, having a channel milled through it or cored therein t( 
fit the size of chain the block is 1o support. A pi(icc of steel boiler j 
plale, a little less in thickness than the chain roll diameter 
having three projecting fingers is made to rest on the top of the 
block. The function of the slots between tlio fingers is to provide 
space for supporting the rollers vvliilc the chain link sides rest on 
the finger. This forms a secure method of holding the drive chaiji 
for driving out rivets that hold the chain links and rolls together. 
It is often difficult to replace a chain on sprockets if no too?^ 
is available for holding the chain ends together w^hile iuserting 
the master link. Tlie simple tool showm at J, was made by the 
writer in Jess than a quarter of an hour and proved very useful 
for doing this work. The main imrlion consisted of a piecie ot^ 
cold rolled steel rod having a hook bent up at one end and carrying^ 
a wing nut and sliding hook on the other. The sliding hook , was 
simply an eye piece having a hook formed at one end. Tightening 
on the wing nut moved the eye piece on the shank and the etids 
* of the chain were brought together owing to the moremeht (rf the. 
hooks w'hich filled the space between two of the rollers at each Ottd- 
A magazine wrench which is useful in removing a m^ber of 
nuts of the same size^ rapidly without necessitating hwdling, them 
is shown at K. Tools of this form have been used by racing drivers 

The device consists of a cheap bit brace and Special long sookoCg 
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wrench. A simple clip is attached to the socket wrencli, this hav- 
ing a projecting pin into the interior in order to hold the nuts from 
coming out of their OAvn weight or by spring pressure. A coil 
spring is used back of the nuts in order to force these down against 
the stop pin. Aasume that a rim is held by six nut.s. H will 
bo apparent tliat all of the nuts may be carried in the body of the 
w rench witliout any trouble. To release the nut it is merely neces- 



Flg. 86. — Showing Construction of Wheel and Oear Pullers. 

sary to catch it on the thread, screw it homo and then pull out the 
socket. The little lock spring will move back and permit another 
nut to drop in place ready to be, screwed onto the next retaining 
holt, the spring insuring constant feed. The special wrench shown 
at L, is the usual fom of end wrench with the jaw portion bent 
at right angles to the hjindle. A wrench of this form can often 
be used where the regular type would be at a disadvantage. Men- 
tion has been previously made of valve chamber caps that were 
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provided ivith internal liexagon or square sockets. The wrench 
shown at M consists of a forged, handle having a piece of bar 
stock of the proper section securely welded to it. The length of the 
handle provides considerable leverage, naakeS it i)Ossible to remove 
the valve etips even if these arc rusted in place. The short pieces 
of bar stock shoAvn at il are used for the same purpose, but 
are intended to be turned by a large monkey wrench or by insert- 
ing a lever or pinch bar in the holes provided for the purpose at 
the top of the bar. 

k Wheel and Gear Pullers. — Wlien wheels or gears liave seized 
on their axles, due either to want of lubrication or to grit, rust, etc., 
special forms of pullers are needed to remove them Avilhout injury. 
The foniKihown at Fig. 8G, A, is intended to be u.sed on gears that 
have threaded holes in the web to receive the screws on the end 
of the cross bar. Wlion these screws ai’e properly entered, pres- 
sure on the central screw will draw off the geai’ from the shaft. 
The form shown at B, is intended to be passed around the gear 
or pulley to bo removed, as it lias arms with hooked ends to obtain 
a purchase on the rim of tho gear. The c.euti'al screw is turned by 
a crank, but in other rospijcts its action i.s similar to that shown 
at A. A simple form of wheel puller that may be made by any 
repairman is shown at P’ig, 86, C. The crossbar is forged from a 
piece of scrap steel and provided with a series of holes equally 
spaced each side of the boss. This is drilled and tapped to. receive 
a standard 1.125 inch .screw pointed at its lower end to fit into the 
center bole lefi. in the end of all axles or shafts that are finished by 
turning. The arms are forgings and can be moved back and forth 
. as desired on the puller beam. The upper end of the puller arms 
are provided witli yokes of sufficient size to permit the beam to 
, drop in and are held in place by a through pin which can be easily 
' femoved to permit the arm to he changed from one bole to another 
i according to the size of the objeot to be removed. 

The large Avheel. puller shown at P, is practically the same iii 
\ construction as that show'n at C, except that it is more powerful 
? and has three arms instead of two. The ndvantage gained by this 
« construction is that tho pressure is exerted at three equidistant 
! points and it is not possible for the puller to spring sideways when 
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tlie pressure is applied to the screw as sometimes occurs with 
the two-armed form. Tlie beam^is a heavy steel forging, the arms 
of wliich are drilled with a number of holes go the hook members 
can bo moved to accommodate various sizes of work. For re- 
iTioving wheels from live axle shafts, as is necessary on all non- 
floating rear axles, the devices shown at D and E are useful. These 
are practically heavier duplicates of hub caps provided with a pres- 
sure screw' in the c^^nter forced in against the axle after the device 
is screwed on the wiieel hub. The body castings may be of steel or 
bronze and even malleable or cast iron may be em])loyed. The 
puller shown at E, has a minor advantage in that threads may be 
brought closer to the wheel hub by screwing the clamping bolt 
which tightens the body portion around the thread should that 
menibor bo a trifle undersized. 

The wheel puller shown at G, Fig. 86, is anew pattern capable 
of handling a wide range of work. I’hc arms are heat-treated steel 
droj) forgings and can be quickly adjusted to hajulle work as wide 
as IhirtecTi inches. For small pier.es such as pinions, cams, etc., of 
2 V 2 indies diameter or loss, extension arms are provided to enable 
one. to exert pressure for the removal of the small iiiece. The 
Center screw' passes through a threaded block into wliich the bolts 
Jiolding the arms in place screw. As each arm is provided with 
nine holes and as they arc caj)able of swinging on the fulcrum end 
it will he cvidetit that a large variety of work can be handled with 
ono wheel puller. 

Typical Special Tool Equipment. — The. makers of all the popu- 
lar cars, especially those that are produced in any quantity, furnish 
•special t(X)ls for the use of their repairmen or for those employed 
in the service statiims of the agents. As an example of the special 
tools that it is pos-sihle to obtain, the assortment used by repairmen 
of Ford Model T cars is shown at Fig. 87. The device at A is a 
whwl puller designed to go on the hub in place of the hub cap. 
In operation it is the same as the form shown.at Fig. 86, I) and E. 
The tools shown at b^g^. 87, B, C, D, F, G, and D-2, form part 
of the regular tool equipment. The box wrench at E is also fur- 
nished with, each car and is a hub cap wrench having one end 
formed to fit the slabbed poi*tion of the front wheel bearing 
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Fig. 87 . — Special Tools of Value in Repairing Ford Automobiles. 
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jHljiistiug cone lock nnt. A v«lvo spring 13£tci* is shown at IT, while 
a valvo seat reanior is shown at 1. The valves are turned Mv^hilc 
grinding by the special brace S, which can bo used on all of Iho 
valves except the one on tlie rear cylinder, which is immediately 
niitler the dasli board. To liiru this valv<‘ tlie special wreiidi shown 
at Jj, is ])rovided. A. special T-haiulIo sock(‘t wrench f(»r handling 
nuts or bolt lieails such as usc^d ou the. rear eonstruetion 
and various other points is shown at J. A T-handle screw-driver, 
for the set serew'S which arc employed in retaining the camshaft 
bearings, is sluiwn at (). The puller shown at K is for removing 
^llie cam gear from the camshaft, while that at Q is a transmission 
<‘lutel} jndler. The brace shown at R, is a special socket wrencli 
for 3/g-ineh l)olt nuts. The brace shown at T, is employed for re- 
moving the magnet-retaining screws in tlie magneto assembly. Tin* 
^irc irons at A-2, the tool roll at B, the ])innp at 1)-1. ami the spark 
plug socket wrench at l)-2 arc all parls of the regular tool equip- 
ment furnished with each our. 

The simple fitting shown at W, is a piston ring compressor 
<miployed to compress the rings in the piston grooves to facilitate 
easy assembly iu the cylinder block. A munber of special socket 
■wrenches are shown at X, Y, Z; A-1, (M, C-2 and C-3. These arc 
all intended for use on tlio various fastenings used in holding 
the parts togotlior. For example, that at X is a socket wrench for 
the crankshaft main bearing bolt nuts. That at Y is for J^-iuch 
?)olt heads or nuts. The wrench at Z is for removing the cylinder 
mead retaining bolts. The wrench for removing tne pinion drive 
shaft housing retaining stud nuts is .showni at C-1, tliis being used 
for 3^-mcb nuts. The rear axle housing bolt nut wrench is slinwn 
at C-2, Avhilo the form outlined at C-ll is similar to tlial slnmn 
at ,0-1 except that it fits 11/32-inch nuts. Tlie special end wrench 
at M, is for the flywheel retention cap screws, that at TJ, is for 
removing the large cam gear lock nnt while that at B-1 is a regular 
open end wrench for J^-inch nuts. The prices on these tools are 
so:lo# that it is cheaper to* purchase from the factory than to at- 
tempt to make them. 

V Tools and Supplies Itemized. — The following lists arc presented 
ns a guide for the novice repairman or motorist who wishes to nmke 
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his omi repairs and enumerate the most important of the tools nec- 
essary in automobile repairing and the supplies ipost generally 
used in. restoring defective mechanism. It is not possible to enumer- 
ate all tools that can be used to advantage as their number is 
legion. However, selections* of those needed can be made from the 
lists for the regular 4001 equipment and can be augmented as 
conditions dictate. The wider the range of work the shop is to 
attempt, the more complete the tool and supply stock must be. 

TOOLS rOR THT! RRPATR SHOP. 

Ham mers : 

Blaclismith banimer — 4;% lb. head. 

Blafiksmith sledge — JO lb. lioati, short handle. 

Blacksmith’s sledge — 20 lb. head, long handle. 

Machinist’s ball pcin hammers — 1 lb. head, 2 lb. hoad. 

Machinist’s ball pein hammers — % lb. head. 

Machinist’s straight pein hammers — 4 ox, head. 

Wooden or Bawhide Mallot. 

Load or Babbilt hammer. 

WnE.vcHES : 

Ratchet Handle Socket Wrench Sot. 

Six-inch Stillaon wrench. 

Twelve-inch Stillson wrench. 

High teen-inch Stillson wrench. 

Six-inch Coes or other monkey wrench. 

Twelve-inch Coes or other monkey wrench. 

Eigiiteen-inch Coes or other monkey wrench. 

Set of double end S wrenches. 

Assorted Spanner wrenches. 

Bicycle wrench, small 4 inches. 

Narrow* jaw monkey wrench, 8 inches. 

Bends and Call Adjustable end wrench, 6 inches. 

Bern is and Call Adjustable end wrench, 8 inches. 

Spark plug socl^t wrench. 

Small hand vise. 

PliXEDS, BTC. : 

Oombinatloh pliers/ 6 inches, 10 inches. 

Bide cutting, parallel jaw pliers. 



179 
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buEBS, ETC. — Continued: 

Special anti'Skid chain pliers. 

Tire casing cut repair pliers. 

Cotter pin-pliers. 

Piston ring expanding pliers. 

Tinner's snips. 

TTeavy shears. 

Bolt cutter. 

S 

(Screw Dhiveiis; 

Jeweler's small screw dri%'^e.r. 

Six inch screw driver, Vi'inch width blade. 

Tcn-inch srrew' driver, %-ii)eli wiilth blade, 

Twolve-inch screw driver, ^4-inch blade. 

T handle “Bulldog" s^*rcw driver. 

1 1 tSCELI. A .\KOl;S I'OOI.S ? 

Wheel pullers, valve spring lifters, etc. 

Breast drill, two-speed. 

Valve seat reamers, valve head truing cutters. 

Hand drill, one-sjiced. 

Belt punch. 

Bit brace, ratchet and bits. 

Carpenter’s cross cut saw. 

Hacksaw frame and extra saws for tubing and bar stock. 
Batehet drill set. 

Gasoline blow torch. 

Spring winder, chassis spring spreader. 

Scrapers (carbon). 

Scrapera (bearing). 

Jack pliVnc and wood chisels. 

Set of number drills. 

Wire scratch brush, putty knifo. 

Set of taps and dies — S. A. E. standard. 

Set of taps and dies — metric standards (foreign). 

Set of taps and dies— American standard. 

Soldiering irons — ^largo, modium and small. 

Sot of straight and taper hand reamers. 

Files, ETC.: * * 

Twelve-inch bastard cut, Hat. 

'' Twelvc-ihch bastard cut, half round. 
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ETC. — Continued: 

Ten'incli bafltaril cut, round. 

Ten-inch bafstard cut, square. 

Ten-inch bastard cut, three-cornered. 

Eight-inch second cut, flat. 

Eight-inch second cut, half round. 

Eight-inch fiiiisliing cut, fivat. 

Eight-inch fijiishiug cut, half round. 

Eight-inch finishing cut, rat tail. 

Eight'-inch finishing cut, three-cornered. 

Six- inch finishing cut, flat. 

Six-inch finishing cut, rat taiL 
Set of file handies and file brush. 

Small and large oil stones. 

Chisels, etc.: 

Oupe chisels — small, medium and large. 

Chipping chisels — .small, medium and large, 
lioond nose chisels — small, medium and large. 

Diamond point chisels — small, medium and large. 

Center punches* — small, medium and large. 

Drift pins— Vt, % 0 ) %> % “nd :i4-iuch point. 

Cotter i)in puller. 

Set of straight and offset scribers. 

Mea.s]l:sing 1’OOLS: 

Carpenter ^s and machinist’s tri-squares — 'sniall six-inch, large twenty- 
four inch. 

Machinist’s twelve-inch flexible si-alc, six-inch scale. 2-iiicli scale. 
Carpenter’s two-foot folding rule. » 

Cali])er rule. 

Combination square and protractor, IS-ineh scale. 

Spirit level, cross level. 

External micrometers, one, two, three and 6-iucli with exteusiou pieces. 
Internal micrometer, with extension pieces. 

Thread gauge. 

ITermaphrofbte calipers-— small, medium and largo. 

Small internal calipers. 

Largo internal calipers. 

Small external calipers. 

Largo external calipers. , ^ 

iSpiing dividers, small and medium. 

JFViction joint dividers, large. 





List of 'Tools and duppues 

KQriPMlONT; 

Mo tl ill in si/e pipe vise. 

Large swivel vise. 

Metliiim swivel vise. 

Snrfaeo plate. 

8mall bench anvil. 

Machinist's clamps. 

C clamps — large, medium ami small. 

Straight edge and surface gauge. 

Pyrene lire extinguialier. 

Angle bender. 


ELECTRICAL EQCfPMENT 

Extension lamps with wood liuiulle ami steel cage. 

Electrie breast drill. 

Storage battery charging means; Rheostat, lamps or rectifier. 
Still for making pure water. 

Voltmeter for testing storage batteries. 

Ammeter for testing dry cells. 

Hydrometers and hydrometer syringes. 

Acid bottles and tdectrolyte crocks. 

Extra strap connections, wing nuts and lead bolt.s. 

Torch for lead burning. 


TIRE REPAIR MATERIAL 

Vulcanizor for casings. 

Molds for same. 

Vulcan i/er for tubes. 

Acid cure or cold vulcanizing set. 

Stock outfit for vulcanizing and patching, rubber, canvas, etc. 
Rubber cements, cut fillers, etc. 

Air-corn pressor outfit. 

Jacks, two of each size, largo, medium. 

Tire irons, special rim tools. 

Valve tools, air pressure gauge. 

Extra valves and valve parts. 

Casing air baga or coil spyuga for use when vulcanizing. 

Inner tube patches, inside and outside casing blowout sleeves. 
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BEPAfB SHOP FUBNITUEB 

Movablt^ and wall benches. 

Wheeled trucks, special jacks, trestles, etc. 

Oil separator and filter. 

Sixty-galJou oil tanks, with jniiups. 

Small tanks for kerosene, alcohol, cutting oil, etc. 
Gasolinc storage system, iOO gallons or larger. 

Oil cans, oil and grease guns. 

Ooverctl cans for waste, oily rags, and rubbish. 

I'ails of .sand and chemical extinguishers for fire. 
Overhead -washer, hose and faucets. 

Washing materials, soaps, sponges, chamois, etc. 
Water )i eater. 

Potash kettle, babbitt melting pot. 

I>raiiis, traps, <'tc., according to law. 
laghttitand fur night work ou cars. 

Jllock and tackle, chain hoists, etc. 

Overhead trolley track or portable crane. 

Turntable or substitute. 

' Ktecl or •wooden lockers. 

^ Oil drip pans for iloors, 

' Oustbrush, floor broom, whisk broom. 

•: IVater p»ails, quart and gallon measures, funnels. 

Hrazliig forge. 

. Autogenous welding outfit. 

Carbon -removing outfit. 

■ Blacksmith 's forge and blower. 
j{‘Poat drill press and drills, 

|iFive hundred pound anvil and block. 

'^Quenching tank, forge coal box. ^ 


A JtKPAIB SHOP SUPPHTBS 

K 

% Class A — ^nATtuwAiiT: Stock. 

^|Round cold-rolled steel rods, ^4# % inch. 

pfoutJ/l machinery steel bars, %, %, 1, IH inch. 

%'*'lat band iron and steek, assorted rIkos as needed. 

)prill rod, assorted sizes. 

I]31ack sheet - iron, sheet brass and copper, assorted gouges., 
ft'iuued and galvanized^ iron sheets, 

4^^001 steel, for lathe and ))laiier tools. 
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List of Tools and Supplies 

p 

Class A — HAttoWABE Stock— 

Key Ptoek in b/irs, Vi, %, Vi-inch square. 

I'ajior iliin copper or brass for shims. 

(Jored bronze bars, for bushings, assorted. 

Babbitt or Magnolia metal ingots. 

Bare copper and iron wire, 14, l(i, IS, 20 gauge. 

Piano and phosphor bronze wire, for springs. 

^8oft w’irc Bolder; half and half Holder; hard solder. 
j3razuig speller, granulated and in wire. 

Beamless steel tubing, sizes as needed. 

Brass and co]i])er tubing, sizes as needed. 

Annealed Beamless copper tubing for fuel and gas iinya — } 4 . % inch, 

('(impression couplings for copper tubing, ells, tees, unions, etc. 

Norway iron and cop^mr rivets and burrs, assorted. 
l*Lni(’hed iron washers — Vi*< *Ki(i> %» yiG» Vj-lwch holes. 

Bolts and nuts, assortinoiit of standard sizes. 
tS]>lit pins an<l lock washers, assortment. 

JJap screws, stove bolts, carriage bolts, assortment. 

^Vood screws, round. Hat and oval head, blued steel, brass and nickel, 
bug HCrews, brads, nails, oseuleheon pins, upholsterer’s tacks. 

8<‘t screws, taper pins, lock nuts, assortment. 

Woodruff keys and cutters, assortment. 

^s-inch bras.s pipe, other sizes as needed. 

Btandard brass fittings, 1^-inch pipe size, ells, tees, unions, pet cocks, etc. 

\ 

C’l.Ass ll — M iscellaneous Sltpi-.ies. 

Emery, three grades — fine, medium and coarse. 

Crocus, grindstone dust, ground glass, corbornnduin. 

Crocus dotch, emery cloth, naiul paper, assort inent. 
aLard oil for cutting, cutting compound,' 

^n^iibri cants; cylinder oil— light medium, heavy. 

Lubricants: machine oil, threodn-one, c.up grease, graphite. 

Lubricants; special grease for transinissiona and ball bearings. 

Kubber matting and linoleum for floor boards, etc. 

Brass molding, for Tunning boards, etc. 

' Sheet felt, assortment felt oil retaining washers. 

Fiber tubes and rods, as needed. 

Sheet hard rubber, black or rod liber, aKSorted thicknesses. 

TIesvy brown paper 'and light cardboard for packings. 

Sheet asbestos, mobiliue, for fiackings. 

Sheet rubber packings for water joints and pump covers. 

\ Asbestos cord) candle wi eking, hemp packing. 

^ed rubber tubing for gas line, -fio> hole. 
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B — Miscellaneous Supplies — Coniinued: 

Rubber steam hose for water connections. 

Assorted hose clamps. 

Assorted copper-asbostos gaskets and packings for popular cars. 
Spark plugs, ^4-inch Briggs pipe, metric and S. A. E. standard. 
Ury batteries, 6 x 2 Y 2 incli, and connecters. 

Ahiminam solder and fluK. 

Sheet celluloid for top windows. 

Primary and secondary cables, terminals, etc. 

Circular loom, oLoctrical tape, insulating varnish. 

Round and dat leather belts and lacings. 

Coil syiring fan and oiler belts, couplings. 

Spring clips, oil and grease cups, compression relief cocks. 
Waste and cleaning cloths. 


Clasb C — CnBMtCALS, Paints, etc. 

Carbon tetrachloride, ben;?ine, met remover. 

Grain alcohol, white and orange shellac. 

Body polish, metal polish, varnish, black enamel. 

Black asphaltum paint, stove polish, exhaust pipe black. 

Pearl gray cylinder enamel, other colors as needed. 

Aluminum powder and banana oil lacquer. 

.Rubber cements, smooth-on for metal, glue for wood. 

Talcum powder, borax, fuller's earth. 

Putty, fire clay, asbestos cement. 

Kerosene, wood alcohol, gasoline, acetone. 

Parafiine wax, beeswax, tallow, resin. 

Proprietary welding^ brazing and soldering iluxes. 

Calcium chloride and glycerine, for anti-freeze compounds. 

Wood alcohol, for anti-freeze compounds. 

Potash or lye, sal-ammoniac, washing soda. 

Muriatic acid (soldering fluid), hydrofluoric acid (for marking tools). 
Copper sulphate solution fdr coppering steel or iron before marking. . 
Sulphuric acid (chemically pure) and distilled water. 
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OVTnmAULTNO THE GASOL7NE ENGINE 

Taking Down the Motor — ^Examination and Marking of Parts — ^Defects in 
CyJinclers — Carbon Deposits, their Cause ami Prevention — Dee of Carbon 
Scrapers — Denatured Alcohol—Hurning Out Carbon with Oxygen — Ilow 
Oxygen is Produced — Itepairhig Scored (’ylinders — JI otv to Repair 
Cracked Water Jacket — ^Inspecting Cylinder Packings — Valve. Removal 
and Inspection — Reseating and Truing Valves — Valve Grinding Proc- 
esses — ^Depreciation in Valve Operating System — Piston Troubles — Re- 
irioving Piston Stuck in Combustion Chamber — Pistoji Ring Remevai 
and Inspection — Fitting Piston Rings — How Wristpins are Held — Wrist- 
pin Wear — Inspection and Refitting of Engine Bearings — ^Adjusting 
Main Bearings — Crankpin Restoration — Scraping Brasses to Fit — Con- 
necting Rod Bearings — Testing Bearing Parallel ism-— Ball Beating 
Crankshafts — Camshafts and Timing Gears — Valve Timing Methods — 
Sleeve Valvo Motors — Eight-Cylinder V Motors — Precautions in Re- 
assembling Parts — Loose Flywheels — Two-Cyclc Motors. 

Many car owners recognize the value of having the ear over- 
hauled before the inception of the active riding season when cli- 
matic conditions are not favorable to the continual operation of the 
car. In those portions of the country where cars may be kept 
in operation all the yenr round, a certain time each year should be 
set apart for giving the car a thorough looking over with a view 
of determining the points where depreciation exists, and the best 
methods of remedying the defective condition. The wise motor- 
ist realizes *that this work of restoration is absolutely necessary, 
if continued satisfactory service is to be expected from the car. 
The motorist who shuns the expense of having the machine looked 
over and who operates it as long as the various parts function, is 
generally the one who is loudest in the conderaiiation of the auto- 
mobile. In this chapter, -the writer proposes to discuss the various 
steps incidental to overhauling gasoline engines of various types 
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and in order to do this in a waj' that will bo of value to the motor- 
ist or novice repairmen it is necessary to treat of the various parts 
in logical sequence. The suggestions given are all based On a practi- 
cal experience with the repair of automobiles and nothing of 
doubtful value will be described. 

Taking Down the Motor. — In order to look over the parts 
of an engine and to restore the worn or defective components it is 
necessary to take the engine entirely ai)art as it is only when the 
power plant is thoroughly dismantled that the parts can be in- 
spected or measured to determine defects or w'ear. If one is not 
familiar with the engine to be, iaspected, even thougli the work 
is done by a repairman of experience, it w'ill be found of value 
to take certain precautions when dismantling the engine in order 
to instire that all parts will be replaced in tlie same position they 
occupied before removal. There are a number of way.s of identi- 
fying the parts, one of the simplest and surest being to mark them 
with steel numbers or letters or with a serie.s of center punch marks 
in order to retain the proper relation when reas.sembling. This 
is of special importance in connection with dismantling multiple 
cylinder engines a.s it is vital that pistons, piston rings, connecting 
rods, valves, and other cylinder pai-ts he always replaced in the 
same cylinder from which they were removed, because it is uncom- 
mon to find equal depreeiation in all cylinders. Some repairmen 
use small shipping tags to identify the pieces. This cim bo criticized 
because the tags may become detached and lost and the identity of 
the piece mistaken. If tlie repairing is being done in a shop where 
other cars of the same make are being w’orked on, the repairman 
should be provided with a large chest fitted with a hxsk and key 
in which all of the sinaller parts, such as rods, Ijolts and nuts, 
valves, gears, valve springs, canwhafts, etc., may he stored to pre- 
vent the possibility of confusion wdth similar members of otlier 
cars. All parts should be thoroughly cleaned with gasoline or 
in the potash kettle as removed, and wiped clean and dry. This 
is necessary to show wear which will be evidenced by easily identi- 
fied indications in cases where the niaehine has been, used for a 
time, but in bthers, the deterioration can only be detected by deli- 
cate measuring jnstrnmonts. 




Fig. 88.— 'View of Typical Four Oylindoc Automobile Power Plant. 


and uigke possible the examination of the pistons, rings and eoii- 
necting rods. After the cylinders are removed the next operation 
is. to disconnect the connecting rods from the .cranhsliaft and to 
remove them and the pistons attached as a nriit. Tlien the crank- 
case is- dismembered, inmost cases by removing the bottom plate, 
thus exposing the main bearings and crankshaft. The firat opera- 
tion -is the, removal of the inlet and exhaust manifolds, next one 
uneouples the "water piping from the radiator. Tliere are various 
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methods of fastening manifolds on the cylinder casting, tlie most 
common being by retaining stirrnps as siiown in engine at Fig. 
88, or by flanges and holts as outlined in illnstrations of engines 
at Fig. 89. As will be evident, where cylinders are of tiio T-head 
form with valves on opposite sides of the cylinder ea.sting, Ihe 
boll ajid flange sy.stem is generally used. On L-hend motors, whoiv; 
the valves are in the same exhnision of the cylinder casting, the 
bolt Slid stirrup retention method is generally followed. One may 
safely say tliat engines of low and moderate priced cars, being of 
till! L-liead form will have the manifold retained by stirrups and 
bolts, whereas the T-head jmwer plant of the larger and higher 
priced cars will use the bolted manifold construction. 

It is now common practice to east all cylinders together, blocks 
of four being very common and bh»r-k.s of six are not rare enough 
to cause eoniment. In some cases the manifolds are cored integral 
witli the cylinder casting and it is merely neces.sary to remove 
a short pipe leading from the carburetor to one inlet opening and 
the exhanst pipe from the outlet opening common to all cylinders. 
In order to remove the carhuret(/r it is ucci-ssary to shut olf 
the gasoliin* supply at the tank and to remove the pipe coupling 
at the float chamber. It is also necessary to disconnect the throttle 
operating rod. After the cylinders arc removed and before taking, 
the crankcase aj)art it is well to remove the water pump, magnotp, 
and, mechanical oiler if tliat system of lubrication is used. The 
wiring on most engines of modern develoinnent is carrunl in con- 
duits and usually . releasing two or three minor fastenings will 
jiermit one to take off the ping wiring as a unit. The wire should be 
diseennected from both spark pings and magneto distributor be- 
fore its removal. The appearance of the engine shown at the 
bottom of Fig. 89, after the magneto ignition wiring, spark plugs . 
an<J front of timing :gear ease are removed is shown at Pig. 91 j A* 
Tlie next operation in dismantling this engine is to take off the 
four nuts holding the induction manifold to the cylindci; castings . 
and when tlie manifold is removed the carburfttdr comes with it. 
The appearance of the engine after tliis has been done is -shown 
'It Fig. 91, B. The neit parts' to be taken c^, the cylinder castings, 
ire shown .^laded in this view. The appearance of this engino after , 
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Fig. 90.>>Vlew8 Of Ovedand Model 82 Six Oylinder Motor, Showing 
< Fypical Bloeic Motor Doelgn. 
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Steps in Dismantling Motor 

IP cylinders have been retnovod is clearly indicated at Fig. 92. 
?i Ibis <*ase the magneto or water pump has not been disturbed. 

justons, piston rings, aiul connecting rods ore clearly exposed 
iiid their condition may be n'adily noticed. 

Before disturbing the arrangement of the timing gears, it i$ 
mportant that these be marked so that they will be replaeed in 
•.vaelly the same relation as intended by tlie engine designer, Tf 
he gears arc properly marked tb.o valve tiirnng and magneto se.t- 
ing will be undisturbed when the parts are replaced after oVer- 
aiiling. Wlien an engine has been taken down to tlie point shown 
it Fig. 92, it is possible to ascertain if there is any \uidue wear 
resent in the eonneeting rod bearings at either the wrist pin or 
rank pin ends and also to form some idea of the amount of carbon 
leposit.s on the piston top and hack of the piston rings. Any wear 
f the timing gears can also be determined. The removal of tlie. 
)ottom plate of the engine enables the re[>airman to see if the 
ain bearings are worn iiiidnly. Often boirings may be taken up 
iifficieiitJy to eliminate all looseness. In other cases llioy may be 
vorn ciiougji so that careful refittiug will be necessary. 

All engines are not 4)f the type shown at Figs, 88 and 89. Wlicre 
he crankcase is divided horizontally into two porlions, the upper 
no serving as an engine base to which the c^ylinders and in fact 
ill important working parts are attached, the lowTr portion, per- 
orins tlie functions of an oil container and cover for the internal 
uechanism. There is a tendency on the part of modern designers 
0 combine the cylinders and a portion of the eraukcase in one 
asting, using a detachable cylinder head construction in order to 
>orndt valve grinding and carbon removal without taking the engine 
)ut of tlie chasKsis frame. The connecting rods and pistons may 
ilso be removed wliore this construction is followed tlirough the 
)pening loft after tlie detachable cylinder head is removed. In 
lie engine shown at Fig. 93, not only the cylinilers but practically 
he entire engine crankcase, except for the plate closing the bot- 
om is east in one unit. It will be evident that the removal of 
ho bottom plate and cylinder head will provide access to the 
nterior of the motor. Attention is directed to the inlet manifold 
nstruction which is cored in the cylinder block. The exhaust 
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Fig. 91.-*>Illustrating Steps in Beraoving Motor Parts wlien Dismantling 

Poxre; Plant, 


manifold however, is a separate easting fleeurcd to the ciylincle 
block in the usual way, p . . 

The important parts of an engine of tlie conventional fou 
cylinder pattern where the cylinders are cast in pairs are clcarl; 
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shown at Fig. 04, and their appearance may be readily noted. 
It will be evident that when the bottom of llio crankcase removed 
the craiiksliaft is exposed and the main hc.ariiig caps may be re- 
leased by unscrewing the bearing cap retention bolts. A number 
of parts of typical engines are also indicated at Fig. 95. The 
vieiv at A, sliows the appearance of the usual arrajigeinenl of the 



Fig. 92. — ^Vlew of Autoinol)Ue Engine wltli Cylinders Removed to Expose 
Pistons and Connecting Bod and with Timing Gear Case Taken 0£t 
to Expose Gearing, 


fimihg gears when cylinders of the T-licad form are employed. 
As will be apparent one large gt?ar is carried by each camshaft, 
these being turned by a pinion of half their size on the crankshaft. 
The method of retaining the timing gear varies with the con- 
struction of the engine. In the form shown at A, the gears ar(i 
lield on the flanged camsjliaft end by three square liead cap screws 
which are, wired together to prevent loosening* In the construc- 
tion shown at Fig. 92, the camshaft gears are securely held by for.r 
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castellated retention nuts which screw on studs projecting from 
the camshaft flange end. The smaller gears, such as the magneto 
drive and pump drive arc nsually held l)y a tey which is set into 
a taper shaft and the g<^ar.s are tightly damped on the taper hy 
substantial dam{)ing nuts. 



Fig. 93,-^£iid Sectional View of Iiewls Six' Cylinder Motor Showing 
trnconyentional Construction In Which Cylinders and Crank Case 
are Formed Integral. 
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94. — ^Vlevs of Partially Dismantled Automobile Engine. 
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Attention .has been previously called to the necessity of .mark- 
ing the tinting gears. The manner in 'which this can be done is 
clearly indicated at Kig. 95, B. It will be seen that the crank- 
shaft gear is provided with two figures, “1'* and “I,” opposite cer- 



jfig. 95 — Sbowiog Method of Marking Timing Oeam and Oroup of 
Miscellaneous Motor Parts. 

tain teeth. The camshaft drive gear is provided with a numeral 1 
to indicate the space, that the tooth marked 1 on the crankshaft gear 
should occupy. Similarly the intermediate gear which tran.smits 
motion to the magneto drive gear is marked with a 2 and 3 which 
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hioulcl correspond to the corresponding nnuiierals on the crank- 
^hjit't gear and member driving the magneto armatnre. At C, 
Fig. 1>5, is sliown a group of the important internal parts of the 
engine. These are plainly marked and should he readily recognized 
liy even the novice. At Fig. 95, 1), a typical pi.Hton and connecting 
rod assembly is depicted. Tn this view, the parts are also identified 
jiind further description is unnecessary. 



fig. 96.-^Lovrer Portion of Engine Base Bemoved to SI.ov Crankshaft 
and Accesalhillty of Main Bearings. 

The illustration at Fig. 96, is that of the crankcase Sliovvn at 
Fig. 92, as it looks when viewed from the bottom after the lower 
portion of the crankcase has been removed. As will be apparent, 
the main bearing caps that hold the crankshaft in place may 
bo released by taking off the retention nnts and the connecting 
rod bearing caps which keep these members attached to tho crank 
^ins are also exposed for inspection. 

In some multiple cylinder engines the cylinders arc cast indi- 
vidually and instead of the crankshaft having three main bearings. 
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as in the engine shown at Fig. 96, it has five main bearings as 
indicated in the sectional view of the Overland engine shown 
at Fig, 97. When the cylinders are cast individually it is possible 
to replace a defective cylinder without sacrificing the remainder as 
is imperative if the cylinders arc cast in block. Individual cylinders 



Fig. 97. — ^Longitudinal Sectional View of Overland Four Cylinder Motor, 
a Having !tndlvldual Cylinder Castlnga and a Five Bearing 
Crankaliaft. 


are more easily handled, but where these are used it is absolutely 
necessary to mark them so that they will always be replaced in 
proper position. In most cases, the cylinders are duplicates of 
each other and if they Were not marked it would not be difficult 
.to transpose them on the engine base, kn undesirable proceeding. 

In. order to* familiarize the motorist or novice repairman with 
engine construction a side sectional view of a typical power plant 
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III the position it occupies in the car frame is sJiown at Fig, 98, 
while a front sectional view is shown at Pig. 99; This engine. is a 
four cylinder T-head form and is the same as that oTitlined in Ulus- 
'trations at Fig. 90, which clearly indicate the external appearance 
>f the power plant. The various important parts are indicated 
and should be easily Identified when working on engines of this 
Hype. One of the most widely used of automobile power plants 



Fig. 98. — ‘Iiongitudlnal Sectional View of Locomobile Four Cylinder 
Motor mich Has Cylinders Oast in Pairs and a Three Bearing 
Crankshaft. 

and one that jiractically all repairmen will have oceasion to work 
on at some time or other owing to the thousands in use in all 
parts of the world is that employed on the Ford Model T-automo- 
biie. Tliis power plant is shown in part sectional view at Fig. 
1.00. It is a unit power plpiit, as the planetary change .speed gear- 
ing is carried in an extension of the engine crankcase. The four 
cylinders and upper portion of the crankcase are cast as a tuiit. 
The cylinder head is removable. One of the novelties of construe- 
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tion in this motor is the use of a flywheel magneto, the balance 
member carrying a series of U-shaped magnets which revolve past 
a series of fixed field coils attacheil to a plate which does not 
rotate on account of being bolted to the engine crankcase. The 
general construction of the engine may be readily ascertained 
by careful inspection of the illustration. 

Defects in Cylinders. — After the cylinders have been removed , 
and sti‘ipi)cd of all fittings, they should be thoroughly cleaned and 
then carefully examined for the defects enumerated at Fig. 101. 





Defects in Cylinders £31 

The Ulterior or bore should be looked at with a view of finding 
score marks, grooves, cuts or scratches in the interior, because there 
are many faults that may be ascribed to depreciation at this point 
The cylinder bore may be worn out of round, which can only be 
determined by measuring with an internal caliper or dial indicator 
even if the cylinder bore shows no sign of wear. The flange at tlie 
bottom of the cylinder by which it is held to tJio engine base may 
be cracked. TJie water jacket wall may have opened up due to 
freezing of the jacket water at some time or other or it may be 
filled with scale and sediment due to the use of impure cooling 
water. The valve seat may bo scon'd or pitted, wdiile the threads 
holding the valve chamber cap may be w'orn so that the cap will 
not be a tight fit. The ojlindor described is an individual casting 
of the LJiejni form having integrally cast water jacket. 

Other forms of unit cylinders have been evolved, one of tlic 
most wndely used being that of the four cylinder Cadillac engines, 
which is shown at Fig. 102. This incorporates several novelties 
in construction, one being the applied sheet (foj>per w^ater jacket, 
the other being the detachable cylinder head casting which ivS 
screwed dowui against the top of the copper w^ater jacket and held 
in place on the cylinder by an externally threaded close nipple. 
The advantages that were claimed for this construction are easy 
replacement of one defective cylinder assembly part without scrap- 
ing the rest. For example, w^hen the cylinder construction shown 
at Fig. 101 is used, if the cylinder bore is badly scored, the entire 
pasting must be thrown away, even though the water jacket, com- 
bustion and valve chambers are in perfect condition. With the* 
Cadillac construction, should the water jacket be faulty it is impos- 
sible to repair this easily owing to the material employed or to 
rcijlace it if repairs are not practical. If the cylinder should be 
scored, the walfet jacket and combustion head may be saved and a 
new cylinder casting purchased at considerably less cost than that 
of the complete unit cylinder. 

Many motors have beep made by the Knox Company, using 
individually cast cylinders of the form shown in section at Fig. 
103, A, and completely assembled at B, in one view and with 
feyliuder head removed in the other. This detftcliable head con- 
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struction was necessary on account of having the valves seat directly 
against flat scatiugs machined in the head casting. The head cast- 
ing is provided with its own water jacket, as is the cylinder, con- 
nections being made between the two l)y a short bent pipe held 
in place by the same stirrup member that holds the manifold to 
the cylinder. The detachable head constriiclion makes it possible 
to remove that member and obtain n*a«ly acecss to the i>iston h)ps 
for scraping out carbon without taking the main cylinder portion 
from the crankcase. Wlien the valves’ need grinding the head may 
be removed and carried to the bench where the work may he per- 
ionned with absolute assurance that none of the valve grinding 
coni[)oiind will penetrate into the inlerior of the cylinder as is 
sometimes inuivoidable with the L-liead eylijulcr shown at Fig. 
’101, or the T-hcad form outliuod at Fig. Ob, iu which the, valve 
.scatings are in pockets cast infcgrally with the cylinder. 

The detachable head construction has oidy recently become 
l)opulav, though it was one of the earliest forms of antomohilc en- 
gine C()nstviieti<tti. In the early days it was difficult to proeitrc 
gaskets or packings that would he both gas and water tight. The 
sheet asbestos emumonly used was too soft and blew out readily, 
losides a now gasket had to be made every time the cylinder head 
was removed. Woven wire iuid asbestos packings impregnated 
with l-ubber, red lead, graphite and other filling materials were 
more satisfactory than the soft sheet asbestos but were prone to 
burn out if the water supply became low. Materials such as sheet 
copper oi' brass proved to be too hard to form a sufficiently yield- 
ing packing medium that would allow for t’le inevitable slight 
inaccuracies in machining the cylinder head and cylinder. The 
invention of the copper-asbestos gasket, which is composed of two 
sheets of very thin, soft Copper bound together by a thin edging 
' •f the same material and having a piece of sheet asbestos inter- 
p'osed solved this problem. One of the first engines to use the de- 
tachable cylinder head piece was tlic Ford, and at the time it was 
^ first introduced it was met wdith considerable criticism on the part 
of automobile engineers. • That this proved unfounded and based 
on personal prejudice is clearly demonstrated at tins time by the 
|rwide use of the detachable head construction. Copper-asbestos 
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rig. 101.-^Sectional View of Automobile Engine Cylinder, Showing 
Defects that Will Reduce En^ne Efficiency* 

packings form an effective seal against leakage of water and a 
positive retention means for keeping the explosion pressure in the 
cylinder. 

The great advantage of the detachable head is that it permits of 
very easy inspection of the piston tops and eombustion chamberji**' 
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iuteriors which can only be done with cylinders of the L, or T, form 
by removing the cylinder from the engine base. Two forms of 
removable cylinder heads are shown at Fig. 104. .Tlhey are similar 
in design and utilize the same form of gasket, the only difference 
being that the type 
shown at A, serves two 
cylinders w'hile the one 
outlined at B, covers 
the four cylinders. 

Tlie construction at A, 
is used on the Oakland 
car wliile that at B, is 
found on the Ford, 

^letz, Uegal, (iactcr- 
car, Maxwell, Oakland 
and several others. 

The cylinder hcad.s 
are securely held by 
substantial retention 
bolls and if thes»^ are 
properly' lightened and 
•lie gasket is in good 
e.nudilian lliej-o is not 
likely to be, any loss in 
pressure due to leak- 
age. One of tbe most important things to look for when tlie cylin- 
der has heen removed or the cylinder head taken off, if that method 
cO construction is followed, is earbon deposits I’hese accumulate 
at the various points indicated at Fig. 105, namely the piston top, 
valves, around the spark plug and at several points in the com- 
bustion chamber. 

Carbon Deposits* Their Cause and Prevention. — ^Most authori- 
ties agree that carbon is the result of imperfect combustion of the 
fuel and air mixture as well as the we of lubricating oils of im- 
])roper fla.sli point: Lubricating oils that work by the piston rings 
may become decomposed by the great beat in the combustion 
; chamber but at the same time one cannot blame the lubricating 
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Fig. 102. — Cylinder of Cadillac Four Cylinder 
Motor Using Applied Copper Water Jacket, 
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Fig. 103. — Views Ouflining Constniction of Knox Detachable Head Motor Cylinder. 
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oil for all of the carbon deposits. There is little reason to suspect 
that pure potroleiun oil of proper body will deposit excessive 
amounts of carbon. ihouf*h if the oil contains a resinous or animal 
fat filler there would bo much carbon left in the interior of the 
( onibustion chamber. Fuel mixtiiiTS that are loo rich in gasoline 
also i>ro(luce these undesirable aceuinulatioris. 

^ A very interesting eliemical analysis of a saiiiple of carbon 
scraped from tlie interior of a motor vehicle engine sliows that 
ordinarily the lubricant is not as iniieli to blame as is commonly 
supposed. The analysis was as follows: 


Oil 14,3% 

Other iionibiisLiblc inattCT 17.9 

cljxy, cic 2-1. S 

Iron oxide «!.'> 

Carbon Jit e of liuie 8.9 

Other (.'OnstituentH 9.1) 


It is extremely jirobahlc that the above conUl he divided into 
two general classes, these being approximately 32.2% oil and com- 
bustible matter and a much larger j)roporti(jn or 67.8% oi' earthy 
matter. The prestniee of such a large percentage of earthy matter 
t. is undoubtedly due to the impurities in the uii‘, such as road dust 
wJiieli has been sncketl in through the carburelor. The fact that 
over 17% of the matter which is combustible was not of au oily 
nature lends strong support to this view, wliile the ratios of the 
constituents of the incombustible material to one another is very 
^nearly what would be expected in debris frohi "i-dinary macadam 
roads. If one assumes that half of the combustible matter, not of 
oily derivation, comes from the road dust and that one-fifth of the 
oxide of iron also arises from this spucce, the approximate composi- 
tion of this cylinder deposit may bo expressed as follows: 


Besi dual matter from oU '. 23% 

Iron dust duo to frtctioa in cyJiodur 20 

Boad dust 57 


It will be evident that fully 50% of this deposit can be attrib- 
uted to the ordinary dust of the highway and not to excessive fuel 
an impure grade of lubricating oil. While it is imperalivo to 
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there would still be considerable deposit as the result of the im- 
purities drawn in tlirough the carbui*etor. It is very good practice 
to provide a screen on the air intake to reduce the amounts of dust 
sucked in with the air os well as ol)servirig the i^roper precautions 
relative to supplying the proper quantities of air to the mixture 
and of not using any more oil than is needed to insure proper liibri- 
eation of tlie internal mechanism. 

Use of Carbon Scrapers. — It is not nnusnal for one to hear an 
automobile driver complain that the car he drives is not as rc'Sjxm- 
sivc as it was wlien 
new after he has run 
it hut ve r y f c w 
months. There does 
not se(*m to b<^ aiiy- 
tliing actually wrong 
with the car, yet it 
does not respond read- 
ily to the throUl(i and 
is ai)t to ovej'heat. 

WiiiJe these symptoms 
denote a rundown eon- 
dilioJi of the meclian- 
ism, the trouble is 
often due to nothing 
more serious than ac- 
cumulations of car])oii. 

The remedy is the re- 
moval of this matt(ir 
out of place. Wliile 
the surest way of denning the inside of the motor tliorouglil}" 
is to remove the cylinders, if these members are cast integrally 
with the head or of removing the head member if that is a 
separate casting, to expose all parts, there are other methods that 
have been recommended tiiat may be depended on to reduce the 
amount of carbon deposits, A number of carbon solvents of a 
^secret composition have been offered which may be introduced into 
the cylinder through the spark plug openings or valve cap holes 


T^LtfQ . 



Fig. 105. — Sectional \ lew of Upper Portion 
of Cylinder Showing Point Where Car- 
bon Deposits Accumulate. 
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that aro said to softcMi the aocumidatioT), aud ponnit it to bo blown 
out throuprli tlie exhaust when the eru^duc is again starbHl after 
the uiatorial is used. The writer believes that there is more or 
less ‘Take’’ about lliese compositions as cliemieaL analysis of some 
has disclosed tlje composition, wdiieh on earei’id study of cause and 



Fig. 106. — Outlining Use of Scrapers in Bemoving Carbon Deposit ftoin 
Combustion Chamber Interior. 

t'ffeot, does not scorn to justify all the claims made for them by the 
enthusiastic advertisings men responsible for their promotion. One 
widely advertis<Ki carbon remover of lirtuid form was found to be 
composed largely of acetone. Another was practically deodorized 
kerosene and denatured alcohol mixture. Another of granulated j 
form was discovered to be practically common salt. There is no 



Removing Carbon Deposits. 

question in tlie writer’s mind but that a solvent like acetone would 
soften carbon deposit enough so it could be readily removed by 
scraping. The method of using the solvent is to bring the piston 
in the cylinder to be cleaned up to the end of its compression 
stroke at which time both valves are closed and to pour in a definite 
quantity of the solvent through a valve cap or spark plug opening. 
This operation is outlined at Fig. 106, A. After the liquid has been 
allowed to soak thoroughly into the carbon deposits for periods 
varying from two to six hours it is drawn out of the cylinder by 
means of a syringe as shown at Pig. 106, B. When the engine is 
started after all cylinders have been treated in turn the exhaust 
will be very smoky and filled with carbon particles, this indicating 
that considerable quantities of the carbon has been dissolved. This 
treatment is not always successful, as it would be more apt to re- 
move the soluble carbon, as is due from burnt lubricating oil, or 
rich mixture than it would be to act upon the earthy material tliat 
the chemical analysis shows, exists in the deposits. 

In certain forms of cylinders, especially those of the L, or T 
form, it is possible to introduce simple scrapers down through the 
valve chamber cap holes and through the spark plug hole if this 
component is placed in the cylinder in some position that com- 
municates directly to the interior of the cylinder or to the piston 
top. This method is particularly applicable to engines having 
valves on opposite sides, namely those employing cylinders of the 
T form. No claim can be made for originality or novelty of this 
process as it has been used for many years on large stationary en- 
gines. The first step is to dismantle the inlet and exhaust piping 
and remove the valve caps and valves, although if the deposit is not 
extremely hard or present in large quantities one can often ma- 
nipulate the scrapers in the valve cap openings wdtliont removing 
either the piping or the valves. Commencing with the first cylinder, 
the starting crank is turned till the piston is at the top of its stroke, 
then the scraper may be inserted, as indicated at Fig. 106, C, and 
the operation of removing the carbon started by drawing the tool 
toward the opening. As, this is similar to a small hoe, the cutting 
edge will loosen some of the carbon and will draw it toward the 
opening. A swab is made of a piece of cloth or waste fastened at 
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the end of a wire and well soaked in kerosene to (*leiiii out the 
cylinder. When the engine is of a T-head type and tlio valves ai’o 
removed it is possible to introduce a ball of waste at one part and 
pusli it clear througli the cylinder and out of tlie other valve port, 
this bringing much loosened carbon out with it. 



rig, 107. — How Oxygen May be Used to Remove Carbon by a Combus* 

tion Process. 


When available, an eloetric motor with a length of flexible shaft 
and a small circular cleaning brusli liaving wire bristles can be 
used in the interior of the engine. The electric motor need not be 
over oiie-eiglith hoi'sepower running at 1,200 to 1,600 11. P. M., and 
the wire brush must, of course*, be of sucli size that it can be easily 
inserled through the valve chamber caj). The flexible shaft pei'mits 
one to roach nearly all parts of the cylinLlcr mterior without diffi- 
culty and the spreading mt and flattening of the brush insures that 
considerable surface will be covered by that member. 
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While the carbon scrapei\s may be easily made by any mechanic, 
patented forms arc a^^ailable at small cost whicli have advantages 
worthy of consideration. The tool shown at Pig. 106, D, is knov/n 
as Vail’s carbon scraper and was designed for use in any T, or 
L, head motor by re- 
moving the valve caps 
and turning the motor 
over until the piston 
comes to the top cim- 
ter. The scraper is 
tlien inserted in a 
closed c o n d i t i 0 n 
through eillier vfdve 
port and after it is 
iiLsich" the coinbustion 
chaml)er the expand- 
ing bar may be pulled 
])aek and the scraper 
bladf-s will s p r 0 a d 
enough to conform to 
the size of the tiring 
ell amber. Moving tlie 
scraper vigorously 
hack and forth and 
around the side wall 
for a Few minutes 
loosens the carbon d('- 
posit. When this has 
been done all carbon should be scraped into the valve chamber 
Avith the closed scraper end and either spooned out with that mem- 
ber or bloAvn out Avith compressed air. A soft cloth saturated with 
kerosene is then placed between the blades of the scraper, turning 
tliat member into a mop and if reinserted into the cylinder will 
remoA’c any of the fine particles of carbon Avhieh miglit be left 
therein. The dtwice is made of Iiigh grade spring steel with hard- 
ened cutting blades and has a considerable degree of flexibility. 
Still another form of flexible carbon scraper is shown at E, this 



Fig. 108. — Simple Oxygen Generator. 
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consisting of a flexible steel blade Imviug a sharp hoe shaped end 
\«rhich is inserted through the valve cap opening and used in the 
•manner indicated in the illustration. 

Use of Denatured Alcohol in Removing Carbon. — In a paper 
read before tlie National Gas Engine Association, Joseph A. 
Anglada described the use of denatured alcoliol as a solvent for 
removing the carbon deposits from the combustion chamber of 
explosive motors. The trials were made with single cylinder* 
horizontal engines but there is no reason to doubt that equally as 
good results could be obtained in automobile power plants. The 
opei'atiou is described as follows ; 

Both of these engines wore operated under a load applied by 
pressing a wooden lever against the fly wheel until the temperature 
of the jackets warmed to about one hundred and fifty degrees 
Fahrenheit. The engines were then stopped with the piston at 
the head end of the compression stroke. Both valves were closed. . 
The compression space of each cylinder W'as then filled with Pyro* 
denatured alcohol, which in the case of the International Harvester 
engine was left to soak for six hours and in the case of the Jacobson 
engine, about three and one-half hours. It was found that the 
exhaust valve of the intemaiionai Harvester engine did not seat 
properly, because when the alcohol was first put in this engine it 
leaked past the exhaust valve. This leak, however, soon stopped, 
probably due to the alcohol washing away whatever foreign matter 
was lodged betw^een the valve and its seat. 

At the end of these periods, both engines were cranketl by 
hand for a few revolutions and tlien started in the usual way, on , 
gasoline. The exhaust in both instances, when the engine was 
started, contained a large quantity of black smoke and xipon open- 
ing the compressed relief cock of each engine a bombardment of 
small incandescent particles of carbon was seen and felt on each 
firing stroke, showing that the alcohol had loosened the carbon 
deposits in these engines. In each case some of the alcohol leaked 
past the pision into tlie crank ease, showing that the piston rings 
were not liquid tight. In this connection it is advisable to note that 
almost invariably lubricating oil will collect in the piston ring 
grooves where it be(»omc*s partially solidified in the form of a 



Alcohol for Carbon Removal 


Zln> 


gummy material of sufficient strength to prevent the proper opera- 
lion of the piston rings. The result is that the lubricating oil 
which is fed to the cylinder is called upon in a very large measure 
to assist tlie piston rings in making a gas-tight joint with the 
cylinder wall. When dciuitiired alcohol is introduced into the 
cylinder in sufficient quantity, it wdll dissolve the gummy deposit 
and permit the piston rings to slide freely in their grooves and 
thus fit themselve.s more perfectly to tin*, cylinder walls. That 
this occurs has been proven by tests on a number of' automobile 
motors which after treatment with doTiaiured alcohol have showui 
an increase in powder as well as iii flexiliility. 

From a very complete series of experiments conducted wdtli 
automobile, motors which liad been in service for differtuit lengthy 
periods of lime, in addition to experirnenis conducted with a few 
marine and stationary motors, I have arrived at the following 
conclusions: 

(1) Denatured alcohol is an efficient decarbonizer for all types 
of gasoline engines, 

(2) It does not injuriously affect the surfaces of the metals 
witli which it comes in contact. 

(3) Heat is not necessary when using denatured alcohol as a 
ilecarbonizer, 

(4) Heat accelerates the action of denatured alcoliol when used 
as a decarbonizer, 

(5) Denatured alcohol when introduced in the combustion 
space of ail automobile cylinder which is at the working tempera- 
ture of the engines will loosen the carbon dc] osits sso as to x)ermit 
the deposit to become separated from the walls of the combustion 
space and pass out of the cylinder wdth the exhaust gases when 
the engine is run. 

(6) The best results from the use of denatured alcohol, a 
carbon remover, are obtained when the combustion space of a hot 
engine is entirely filled with liquid denatured alcohol and per- 
mitted to soak for a period of not less than six hours. 

(7) Denatured alcoly)! will act as a carbon remover when the 
engine is cold, provided the li<iuid denatured alcohol is in contact . 
with the earbon covered surfaces. The action of denatured alcohol 
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under these conditions is about half as rapid as when the engine 
is liot. 

(8) The action of denatured alcohol as a carbon remover when 
introduced in small quantities into the combustion space of a 
cold automobile engine, is positive, but slow, 

(9) AVhore the fit between the piston rings and eyliiidor walls 
is imperfect, denatured alcoliol will l(\ak past the pistons into the 
crank ease and cause the oil in the crank case, to become unfit for 
use for lubricating tlie engine. However, when a sunieient amount 
of denatured alcohol has been added to tliis oil and eireulated 
through the lubricating system of the motor for a very short time, 
ill ordi'i* to obviate the j*ossibility of damaging tlie wearing sur- 
faces ot the cjigine, denatured alcohol acts as a cleaiKsing agent, as 
evidenced by tlie unusual amount of foreign nialter withdrawn 
with the denatured alcohol treated oil and the subsequent improved 
action of tlie engine. 

(10) Due to the cleansing action of denatured alcohol as noted 
ill the preceding coiieJusions, an engine which has been in service 
for an e\t(msive period will show a marked incrcasi' in operating 
efliemney when thorougldy treated witli denatured alcohol. 

(11) Tt is advisable to introdiice, in the matter noted in the 
experiments, from two to four ounces of denatured alcohol (de- 
Iiending upon the size of the cylinders) into each cylinder of an 
engine, at intervals of about three days, in order to keep the 
cylinders freed from carbon deposits. 

Burning Out Carbon with Oxygen. — A process of recent cle- 
vclopnuoit that gives very good results in removing carbon with- 
out disassembling the motor depends on tin; process oE burning 
out that malerial by suf)plyiiig oxygen to support the combustion 
and to make it energetic. A mimber of concerns are already 
offering apparatus to aceomplish this wemk, ami in fact any 
garage usijig an autogenous welding outfit may use the oxygen 
tank and reducing valve in connection with a simple special torch 
for burning the c?arbon. Results have demonstrated that there 
is little danger of damaging the motor •parts, and that the cost 
of oxygon and labor is much lower than the old method of re- 
; moving the cylinders and scraping the carbon out, as well as 
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beingr very inucli quicker tliaii the alternative i)rocc.ss of 
carbon ftolvent. The only drawback to this system is that there 
is no absolute insurance that every particle of carbon will be 
removed, as small protruding particles may bo left at i)oints that 
the flame does not reacli and cause prc-ignilioii and consequent 
pounding, even after the oxygen treatment. It is generally kmnvn 
that carbon will burn in the presence of oxygen, which stipports 
combustion of all materials, and this firocess tak^•s advantage of 
this fact and causes the gas to be injeet(‘d into the combustion 
chamber over a flame obtained by a maleh or Avax taper. 

It is suggested by those favoring this i)rocess that the night 
before tlie oxygen is to be used that the (rngiiu be giv^^n a eon- 
ventional kerosene tnjatment. A Imlf tiinibJc^r full of this liquid 
or of denatured aleoliol is to be poured into eaeli eylinder and 
permitted to remain there over night. As a precaution against 
fire, tlie gasolim^ is shut off from the cai’biiretor before? the torch 
is inserted in the cylinder and the motor startled so the gasoline 
in the pipe and carbiii*etor float chamber will l)c consumed. Work 
is done on one cylinder at a time. A note of caution Avas n^eently 
sounded by a prominent spark plug manufacturer rc^commending 
Ihfit the igniter member be removed from tlie cylinder iu order 
not to injure it by the heat dcA'-eloped. The? outfits on the market 
consist of a sj) 0 cuil torch having a trigger eon trolled valve and a 
length of flexible tul)iiig such as shown at Fig. 107, A, and a 
regulating valve and oxygen tank as shoAvn at B. The gauge 
should bo made to register about tAvelvc pounds pressure. 

Tlie method of operation is very simple aud is outlined at C. 
The burner tube is placed in the cylinder and the trigger Amlve is 
opejicd and the oxygen permitted to circulate in the combustion 
chamber. A lighted match or wax taper is dropped in the cham- 
ber and the injector tube is moved around as much as pos^sible 
so as to cover a large area. The carbon takes fire and burns briskly 
in the presence of the oxygen. The combustion of the carbon is 
accompanied by sparks and sometimes by flame if the deposit is 
of an oily nature. Once •the carbon begins to burn the combustion 
continues Avithout interruption us long as the oxygen flows into 
the cylinder. Full instructions accompany cacli outfit and the 
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aiiaouiit of iDressLiro for wliieli the regulator should be set depends 
upon the design of the torch and the amount of oxygen contained 
in the storage lank. 

How Oxygen Is Produced. — While the best results are ob- 
tained by the use o£ the proper burner and compressed oxygen 
tank, it is possible to generate oxygon by very simple tnechanism, 
and for the ingenious repairman to extemporize a burner that will 
give fairly good results in removing the carbon. The simplest 
method of producing oxygen is by heating a mixture of potassium 
chlorate and manganese dioxide. Although oxygen may be pro- 
duced by heating potassium chlorate alone, the combination of 
the manganese dioxide acts as a stimulating agent which not only 
gives out oxygen, but which assists in breaking up the chlorate so 
that more of the gas will be evolved. At Fig. 108, A, an ex- 
tremely simple oxygen generator that can be made by any repair- 
man is outlined. The basis of the device consists of a 5 or 6-inch 
length of seamless iron pipe, one and one-half or two inches in 
diameter. The pipe is threaded at each end and standard pipe 
caps are fitted, one oE these being drilled and tapped to receive 
a one-eighth inch brass pipe. This is bent in the form of an cll 
and a piece of flexible copper tubing is soldered into the end of 
the pipe. In order to operate this generator the nnperforated 
cap is unscrewed and a iiiistiire composed of two ounces of potas- 
sium chlorate and one tablespoonful of manganese dioxide is placed 
in the pipe. The cap is screwed back in position and the flame 
of a blow' torch is used to heat the bottom of the iron pipe. In a 
short period oxygen gas will issue from the end of the copper tube 
joined to tlie generator by rubber hose, wdiich should be placed 
inside of the combustion chamber against the carbonized area. 
A lighted match or taper thrown into the cylinder will start com- 
bustion of the carbon. 

One of the latest forms of oxygen generator is shown at Fig. 
.108, B. The feature is that the oxygen is evolved by heating a 
special cartridge by an alcohol burner. The oxygen gas passes 
tJirough a purifier ^vhich is provided with, a safety valve to prevent 
accumulation of excess pressure. The puriiier is connected with 
the oxygen generating chamber by a one-w'ay check valve which 



219 


Repairing Scored Cylinders 

pf^rmits the to flow into the purifier, but nr)t From that meiuber 
into the generatinjr eluimber. The eartridires or (.'luirgos; wei|?h 
six pounds and sell for one dollar apiece. A cupful of water is 
placed on lop of the cartridge to prevent the solder on that mein- 
her From melting. When the flame plays on the bottom of the 
cartridge, which also acts as a generating chamber, the oxygen 
issues From tlie hole in the center into the i>iirifying chamber. 

Repairing Scored Cylinders. — If the engine has bl*cn run at 
any time without -adequate lubrication, one or more of the cylin- 
ders may be found to have vortical serai dies running up and down 
the (fylindcr walls. Th<*. depth of these will vary according to the 
amount of time the cylinder w‘as without lubrication, and if the 
grooves are very deep the only remedy is to purchase a new 
member. Of eoiirso, if >suffieiont stock is available in the cylinder 
walls, the cylinders may be rebored and new justons w-hich are 
oversize, i.e., larger than standard, may be fitted. Where the 
scratches are not deep they maj' be ground out with a high speed 
emery wheel or lapped out if tliat typi? of machine is not availabh*. 
Wrist pins have been known to come loose, esi)ecially when those 
are retained by set scnnvs that are not properly locked, and as 
w-i-ist pins are usually of hardened steel it will be evident, that 
the sliarp edge of that mejuber can act as a cutting tool and make 
a pronounced groove in tlie cylinder. Cylinders that have been 
damaged in this manner have sometimes been repaired by the 
autogenous w'(‘lcling process, the oxy-acetylene flame being used 
to fuse new cast iron info the groove, then gi ’ncling out the ridge 
of excess material in order to obtain a smooth bore. Cylinder 
grinding is a job that roipiires skilled mechunies, but may be 
accomidished on any lathe fitted with an internal grinding attach- 
ment. 

When a car that has been used for a considerable length of 
time i»s overhauled it may be found that the cylinder bore will 
have worn enough so rehoring will be necessary. The w^ear is 
commonly found about midwa}^ the length of the cylinder walls, 
as it is at this point that the connecting rod side thrust is greatest 
due to the angularity of that member. In order to remedy this 
defective condition some repairmen are content with merely fit- 
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'^Fig. 109. — Appliancea foi Measuring Oylinder Bore to Determine Amount 

of Wear. 

ting new piston rings of slightly larger circumference, but this 
plan is not wholly satisfactory, because jf the rings are of suffi- 
ciently small diameter to enter the uuwoni portion of the bore, 
when they spring out into the worn part there must exist too 
wide a gap at the slots. For this reason most mechanics prefer 
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to fit eilhor a new cylinder and piston or to reboro the cylinder 
and fit a larger piston with correspondingly larger rings. 

If the ear is an old one and it is not considered wise to spend 
the money necessary to restore the cylinder hore to correct shape* 
one can get considerably more service by a simple expedient of 
maJdng new piston rings with long stepped ends. In this case 
they will pass the smaller portions of the bore and expand suffi- 
ciently to fill the worn parts. As lliere is no gap between the ends, 
even when fully expanded, there will Ini but little loss of com- 
pression, such as niiglit be possible with eitlier butt joint or diag- 
onal cut rings under tl)e same conditions. One precaution is 
cHsentiai, however, and tliat is to insure that the grooves arc of 
suiricicnt width to take step cut rings having substantial stops. 
If the pistcui rings fire narrow, the ends are apt to snap oft at the 
steps. If the groov(‘.s art; turned out to a greattT width, new piston 
rings iimst he? made to lit. The compression is mucli iTn]>roved and 
power is increased as the rings with tlie long stepiicd joint will 
follow lli(^ worn boro, constricting as the bore is smaller and filling 
out as the wear increases. 

It is not. diflieult to measure the boro to find out if the walls arc 
worn. DiflVreiit ealipers liave liecii devised for this purpose, some 
of wdiioh are illastraled at Fig. 109. These are usually eoustrueteO 
on the multijdyiiig gauge principle so that the slightest inaccuracy 
will be magnified at tlie dial. In the de vice shown at A, a fixed 
block, carries a standard on w’hicli is fukrumed the indicating 
needle, D. Tiiis indicating needle is in contac below the fulcrum 
with a plunger pin attaclicd to tlie movable block D, wliiel* is 
normally kept pressed out by the coil spring C. If any irregu- 
larities are present the block B indicates them by its movement, 
which is translated to the short arm of the indicating lever D, 
which is fulcr limed at E. Another form of indicator \vorking on 
practically the same principle except that the indicating lever E 
is actuated by the idungers DD, is shown at B. The use of the 
Ames Dial Indicator, carried by a special fixture for use in de- 
termining the truth of bore of automobile cylinders, is so clearly 
shown at Pig. 109 that it will not be necessary to mention the 
principle of operation any further tliaii to state that the internal 
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iiujolianism of tlio iiulicatoi* is such that the needle will indicate 
variations of less than .001 inch. 

Where the grooves in Iho cylinder ai*e not deep or wlicre it has 
warped enough so the rings do not hear erjually at all parts of 
the cylinder bore, it is possible to obtain a fairly accurfde d(ign*c 
of finish by a lapjiing process in which an old jnston is (*o{ited 
with a mixture of line <jrnery and oil and is roeipro(;ated up ami 
down in the cylinder as well as turned at the same time. This 
may be easily done by using a dummy coiiMOcling rod having only 
u wrist i)iu (‘nd boss, and of sueh size at the other end so that 
it can be btdd in Hie clim'k of a drill press. The cylinder casting 
is fii'inly c]amj)e.d on lluj drill ]»rcss lnb](‘ by suitable clamphig 
blocks, and n woodi-n block is placed in the combustion chamber 
to provide a stop for the piston at its lower oxtnmie position. 
The back geaivs are put in and the drill chuck is revolved slowly. 
-fMl the wliile that the piston is turning the drill chuck should 
1)H raised up and ^lown by the hand feed lever, as the l)est results 
are obtained when the lapping member is given a combination of 
votary and reciprocating motion. 

Kven if i)ower is not available, the repairman need not be dis- 
couraged, because very good n‘sults may bo obtained by hand 
Japping. TJie sajne method is used as for lapping by power. The 
abrasive malo-ial is composed of very fine emery and light ma- 
chine oil, and is reviewed from time to time and the cylinder cleaned 
out to rmiiovi: the old lapping compound before any new inixUire 
is introduccfl. A cylinder may be easily supported in a box of 
sand, as indicated, the compression relief petcock in the top of 
the cylindc?!* being provided with a piece of rubber hose which 
])rojc(‘ts above tlic »surface of the same, and which acts as a breather 
opening for escape of the air compressed by tlic downward stroke 
of the Jap. 

Where the cylinders aro cast in block, as is now common prac- 
tice on nearly all automobiles of recent development, it is not 
difficult to hold the cylinder block, as tips is of sufficient size and 
weight to stand Uj>right on the bench without clamping it down. 
AVhile the writer has used tliis method in repair wmrk over ten 
years ago, ho wishes to acknowledge his indebtedness to Motor Age 
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for the clear illustrations used. The process o£ lapping is con- 
tinued until the entire interior of the cylinder is brigld and clean 
and the scrat<;lu\s practically removed. All abrasive inat(*rial is 
then washed out of the cylinder with gasoline and the walls wiped 
dry with a soft cloth. 

How to Repair Cracked Water Jacket. — I'he water jacket of 
a gas engine cylinder will .soiuetimes become cracked due to freez- 
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Fig. 110, — Oatlining Use of Bununy Piston and Connecting Bod for 
Itapping Out Fine Scratches in Cylinder Bore, 

ing of the cooling water, or perhaps as a result of a sand or blow 
hole which opens up from vibration after the cylinder has been 
used awhile. At the present time the usual practice in repairing 
cylinders is to fill the depression or crack with iron by the autoge- 
nous welding process, alljioiigh various iron cements may be used 
for that purpose if the fracture is not serious. A mechivnical 
repair is always possible, i.e., a metal patch can be applied to 




m 


Autotnobile Jtepmiing Made Easy 



Fig. 111. — Metbod of tTsing Pipe Plug for Sealing Fine Cracks or Sand 
Holes in Cylinder Water Jacket. 

cover the crack and held in place against a gasket interposed he* 
ttreen the plate and the cylinder jackekby small machine screws 
tapped into the iron. Where only a small blow hole exists or a 
acmall crack the medianical method shown at Fig. Ill is possible. 
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This consists of drilling a hole of suflBcient size to take a standard 
pipe plug either % inch or J 4 inch, according to the size of the 
hole as shown at A. A pipe plug is screw^ed into the tapped hole 
as shown at D, and when it has been forced in place after coat- 
ing the threads with red lead and oil or pipe joint compound to 
insure a tight joint, the projecting portion of the plug may be 
cut off with a hacksaw as outlined at Fig. Ill, C, and the remain- 
ing portion of the plug filed flush with the optside of the water 
jacket. 

If the crack is of some length it may ))o repaired by the fol- 
lowing method. On the line of the fracture, drill and tap for a 
J^-inch threaded copper rod. This rod is screwed in firmly to a 
depth about equal to the thickness of the metal of the water jacket. 
Cut off the copper rod with a hacksaw, allowing it to project about 
*42 inch: then di’ill succeeding holes, each hole being drilled partly 
into the previously inserted copper plug, so that when all of the 
plugs arc placed in the cylinder casting, they form a eontiniums 
band of copper along the line of the fracture. The copper plugs 
sliould now be pecned down and trimmed off flush. The only 
possible chalice for leakage, after having rqiaircd tlic crack In 
this manner, is for the water to follow the joint hotweeu the metal 
of the jacket an<l the copper plugs, but as the c(»p[)er rods are 
llireaded into the casting, it is not likely to occur. Sliould leakage 
take place, a lillle extra peening will suffice to prevent it. 

Still another method involves fusing copper filings or granu- 
lated brass spelter into tlie crack. Tliis has tlie advantage of not 
requiring the removal of the part to be repain J. Drill and tap a 
small hole at each end of the crack to prevent further extension 
of tlie weakness, and screw in an iron stud. Next clean the out- 
side and inside of the fracture very thoroughly, using a scraper 
and gasoline. File up some soft copper or brass spelter, and fill 
the crack, heaping the filings over it. Tlien take a powerful blow' 
lamp or a torch and direct the flame on the copper. By tins 
method a fair amount of metal can be worked into the opening. 
After cooling, the studs* are cut off flush and the copper filed 
smooth. It is said that the repair will endure indefinitely. 

In many cases the crack may be closed by making a rust joint. 
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The first step is to drill a very small hole at each end of the crack 
to i>revent it from si)reading and to drive in or sere\y in a metal 
plug in oacli hole. Tlie crack is then filled up with a paste made 
of 66% fine iron filings or iron dust and 33% sal-ammoniac in the 
pulverized form, with just enough water to make a mixture of 
proper consistency to he forced into the crack easily. The action 
of the sal-ammoniac is to rapidly oxidize tlie fine iron filings, 
producing rust which joins the various iron particles together and ' 
effectively seals the opening when it lias properly hardened. As 
a mi 111 tier of jnvpared cements for use with cast iron may be 
pnivliased at low cost, it is often cheaper to buy the cement than 
to attempt to make it. 

A correspondent to iMadiinery describes still anotluT cement 
of somewhat diilVrcnt composition than tliat used with success by 
the writer. This is <'omposecl as follows: powderiul cast iron, ^10 
])artsj ])Owdcred sal ammoniac, 1 part; powden‘d sulphur, y> part. 
These ingredients are thoroughly mixed together, and ]>lac.ed in an^' 
air-tight recet>tacl(i in a perfectly dry eoudilion until wanted. 
When a hol(^ in a. casling is to be filled, take v»'hal appears to be 
the reipnred ((uantity of the mixed powder, moisten it with water, 
to tlie consistency of paste or putty, and till the hole or dejircssion, 
smoothing it np ami allowing it to set. 

When very deep depressions arc to bo filled, add to the above 
mixture an eipial weight of fresh “vulcanite'' Portland cement be- 
fore damiiening. After tbo w'^ater has been added, so that the 
mixture has the desired consistency, add non-volatile oil to the 
extent of 8 per cent, by weight of the dry mixture used, and work ) 
the mass until the oil is fully emulsified; tlien apply the paste, 
fiiiisliing with a facing of the original mixture containing no Port- 
land cement. This will produce a filler which will not slirink in 
setting. 

Another method sometimes employed is to clean out the interior 
of the water jacket thoroughly and put in a solution of sulphate 
of copper or blue stone, allowing this to leak through the crack if 
it will. Care is taken to remove any tr^iees of grease that may re- 
main in the crack ; this may be washed out by a boiling hot solution 
of potash or soda. As the copper sulphate solution leaks out, it 
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deposits a thin copper film, and if the crack is sneli that it permits 
only a slow leak, the defective point will be scaled overnight with 
a deposit of pure copper. 

Inspecting Cylinder Head Packings. — On a number of over- 
head valve type motors having the valves carried in a removable 
cage gaskets are used to obtain a tight joint when the cage is 
screwed down. This i)acking frequently becomes soft, resulting 
in a leak around the valve. In multiple cylinder motors tlie gaskets 
that are used at the point where the intake manifold joins tJio 
respective cylinders should be examined when the manifold is 
removed to make sure that these are in good condition. The gasket 
at the eA’hausi pipe should also be insx)ected. The packings for the 
inlet pipe may be of well shellacked cardboard, mobiline or other 
ashestas packing, or even sheet rubber, but those used on exhaust 
pipes should only be made of asbestos or copper-asbestos. A de- 
fective gasket on tlie inlet, manifold will seriously' attenuate the 
mixture going to all cylinders, while a defective i)ackirig under 
the exhaust manifold joints will liave no effect upon the operation 
of the motor, the only result being a sharp hiss or whistling sound 
duo to the leaky gas. 

Engines of tljc dot»achablo head form have packings tliat arc 
made of a sheet of asl)i‘Stos sandwiched between very thin sheiis 
of copper. While these packings have the advantage of not depre- 
ciating rapidly, at the same time they may be packed down so 
solid and be so atilt that they will not allow the cylinder head to 
bed i>roperly after tliey have been used for a lime. As the pack- 
ings for the popular cars using them may be purchased at low 
cost, it is w^?ll for tlie repairman to always have a supply of these 
on hand to fit the various cars he may undertake to rei^air. fSome 
cylinders, especially of the individual castiug form, have a hole 
at the top wiiich is used for holding the core during the casting. 
This hole is usually filled with a plug tightly screwed into it, and 
the orifice should be lightly sealed against internal iiressure or 
water leakage. These plijgs are sometimes made of bronze, and it 
is not unusual to find that they will leak slightly as. they have 
become loose due to the difference in ratios of the expansion be- 
tween the iron used for the cylinder and the metal of which the 
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plug is compost'd. If the cylinder is of this pattern, this plug 
should be looked over carefully 

It sometimes happens that the retaining flange at the base of 
the cylinder may be cracked or a corner broktui oflf. While the 
preferred method of repair is to weld it in place witli the oxy- 
acetyleiie torch, an emergency repair that will prove very satisfac- 



Fig. 112. — ^Repairing Broken Cylinder Base Flange. 

tory may be made as indicated at Fig. 112. This involves the use 
of a bent metal strap to hold the piece in place as indicated. 
While this broken piece does not assist in retaining the cylinder 
in place on the crankcase, it serves the useful purpose of keeping 
dirt and grit from entering the crankcase. The strap assists in 
holding the cylinder, however. 

A number of cylinder designs, especially those in which four 
or more cylinders are cast in a block, have a large plate at the 
side which is used to close the water jacket, this forming a cover 
for an opening which had been left to facilitate foundry work 
when the cylinder was cast. This plate is either of sheet brass 
or aluminum ; in some cases it may be an aluminum casting having 
a portion o£ the intake manifold cast with it. Leakage is pre* 
vented by a packing interposed between the idate and the cylinder, 
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the plate being firmly secured to the water jacket by a number of 
closely spaced machine scrcAvs. This is a common method of con- 
struction and one often finds Avater leaks about the plate on in- 
spection. The packing iischI is a rubber and fabric composition of 
the form known by the trade name ‘‘Jiainbow” steam i)ackirjg. 
This may be easily cut to jn'oper size and holes punched in with 
a bolt punch to allow the screws 1o through. Jii some in- 
stancos simi)ly removing tlie plate and smearing the gasket Avitli 
shellac or r(‘d lead and then replacing the plate, taking earo to 
screw down all the screws tightly, will cure the leak. One ad- 
vantage of this plate is that -it may be (^asily removed to permit 
the re])airTnan to clean out the Avater jacket thoroughly of any 
accuttiulation of rust or scdimejit Avbich may have become de- 
j>osited there and A\’liich wilb interfere with pro]»er eooling. On 
some forms of e^dinders, applied copper wabT jackets are iised^ 
and a sliglit leak may be manifested at llie lower joint. This may 
be stoppcjd in most cases by just poening in the retention or 
clamping ring, soldering or by calking Avitli lead. 

Valve Removal and Inspection.— One of the most importa?it 
parts of tin) gasoline engine and one that requires frequent in- 
spection and refitting to keep in condition is the mushroom or 
poppet valve that controls the inlet and exhaust gas flow. In 
overhauling it is essential that these valves be removed from their 
scatings and examined carefully for various defects which will be 
enumerated at proper time. The problem tliat concerns us now 
is the best method of removing the valve. Thei-e are held against 
Ithe seating in the cylinder by a coil spi'ing Avhich exerts its pres- 
sure on the cylinder easting at the upper end and against a suit- 
able collar held by a key at the loAvcr end of the valv’e stem. In 
order to remove the valve it is necessary to first compress the 
spring by raising tlie collar and pulling the retaining key out of 
the valve stem. Many forms of valve spring lifters have been 
designed to permit ready removal of the valves. The most com- 
mon forms that have received application in practice arc shown at 
Figs. 113 and 11 -I. The fofm showui at Fig. 113, A, is composed 
of two levers hinged together in such a way that squeezing the 
Randles together Avill spread the other ends instead of closing them 
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as is the case with i)licrs. One end of the tool is rested on a 
valve lift plunger, the other end hears against the valve spring 
collar, as indicated. When the handles are pressed together the 
valve spring collar is raised, this compressing the spring and per- 
mitting removal of the retaining key. A ratchet loek is provided 
to keep the handles closed so that both hands may be used in 
lifting the key out of the valve stem, if necessary. The form 
outliiK^d at B consists of a hinge or supporting member and a 
lever carrying a fork at one end to engage the Amlvc spring collar* 
'File fulcrum member is carried )>y an adjustable sii])port into 
which it is Ihreadi^d. ^J'he supporting piece may be moved up or 
down on the fulcrum bolt, this adapting the tool for various forms 
and sizes of valves. The device outlined at C consists of ii frame 
having a slotted bearing for the spring lifting bell crank supporting 
bolt, making it possible to move that member ux) or down to adapt 
the tool for different spaces between the valve spring collar and the , 
valve operating pusli rod. The boll crank is lifted by a screw 
which mak(\s it possible to compress tbc heaviest vj^lve spring 
without trouble. 

One objection agaijist either of the forms of valve spring lifters 
■shown at A, B and C is that some means must be provided to 
]>revent the valve head from coining off its scat. This is usually 
done by intcrposiiig a small block of wood betw'een the valve head 
and the vfdvc chamber cap or by holding the valve head iu^'ainst 
the seat with a serew-d river or other took The valve spring lifter 
sltown at D has the important advantage of keeping the valw 
licad firmly pressed against the seat at the same time that the 
valve s])ring caj) or collar is lifted. This consists of a cast forked 
lever of peculiar shape provided with notches to engage a jack 
chain. One end of the jack chain is attached to a hook which is 
intended to bear down against the valve head. Another form 
in wliich the hook principle is carried out is shown at E. This 
consists of a frame bar having a series of holes at its lower end 
designed to fit the fulcrum pin of the valve spring lifting lever. 

Another application of the screw "form of valve spring lifter 
is shown at F. This consists of a main portion or frame bar 
having the upper end threaded to fit the T-handle screw wdiile the* 
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Fig. 113, — Application of Valve Spring Compressing Toi 1 to Permit Removal of Valve Stem Keys. 
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lower end is in the form of a yoke to straddle the valve stem and 
lift the valve spring collar. This is a vciy eflicient form and has 
the advantage of keeping tlie spring coinpress(*d as long as de- 
sired, pei’mitting ready removal of the valve key, which is an 
advantage not possessed by the lever form in wliich one hand most 
be used at the lever end while the other is depended on to remove 
the key. With the valve spring lifter shown at A, C and F, both 
hands may be used for the work, as the devices will keep the 
spring compressed as long as desired. The construction is so 
clearly shown that any one of the valve spring lifters outlined 
may be readily duplicated by the repairman at slight expense. 

An ingenious method of keeping a valve spring compressed 
While the key is extracted from the stem is shown at Fig. 114, A. 

A piece of iron pipe is cut of such length that tw^o pieces may be 
obtained by cutting the pipe longitudinally in half. The longest 
of these pieces is of such height as is necessary to raise the valve 
spring collar siiffieienlly high to free it entirely from the key. 
The other piece is shorter. In operation the valve lift plunger is 
raised by its cam as sliown at A 1. This permits one to introduce 
the short piece of pipe between the crankcase and the valve spring 
collar. The camshaft is then related until the plunger returns to 
the lower end of its stroke again. A wide space then exists be- 
tween the end of the valve stem and the top of the plunger. A 
piece equal to the difference in height between the short pipe shown 
at A 1 and the long piece of pipo shown at A 3 is then inserted 
to fill this space between the valve stem and plunger. The cam- 
shaft is again rocked or turned sufficiently so the cam again raises, 
the valve plunger. This brings the valve spring collar still higher 
and permits one to insert the long piece of pipe as at A 3. When 
the vah^e head is pushed down on its seat the key is readily ac- 
cessible, and may be easily removed with a small pair of pliers. 

The special valve spring lifter furnished for Ford repairmen 
has been previously outlined. The method of using it is shown 
at Fig, 114, B. The construction of a simple valve spring lifter 
that can be used on two valves at a time is showm at C. This con- 
sists of a forked casting mlapted to bear on the valve plunger guide 
tops and. carrying a steel stud at its center. The member designed- 
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Tig, 114. — Valy 9 Spring liifting Tools of Varied Design. 

to engage the valve spring collar is also a casting of such form 
as indicated in the plan view at C. This has tliree slots making it 
possible to insert it easily he'tween the valve spring collar and the 
pin passing through tho valve stem. If one screws up on the lift- 
■^g nut,' it is apparent that the valve spring will be compressed 





284 Automobile Repairing Made Easy 

and the pins passing through the valve stein may be easily re- 
moved. This device is especially adapted for use on Ford motors* 
The Winsor valve spring lifter sliown at D is a modification of the 
form shown at Fig. 113, E. The arm on which the supporting 
chain is hooked is carried by a bolt adapted to screw into the 
spark plug hole in the valve chamber cap. This carries a bolt 
through its center which may be scrow^ed dowm to hold the valve 
head securely against tlie seat. Under these conditions it is not 
difficult to raise tlie valve spring collar with the lever provided 
for the purpose and extract the spring retaining key or i)in. ^ 
double forked form of valve spring lifter known as the “Uni- 
versal’’ is shown at Fig. 114, E. This works on the same jn’inciplc 
iis that sliown at Fig. 113, A, a screw being used to spread the 
ends which are forked to fit around the valve stem and the valve 
lift plunger respectively. 

When tile cylinder is of the valve in-thediead form, tlie method 
of valve removal will deiiend entirely uiion the system of cylinder 
construction followed. In the Knox cylinder shown at Fig. 103 
it is p(xssible to remove the head from the' individual cylinder 
castings and the valve springs may be easily compressed by any 
suitable means when the cylinder head is placed on the w'ork bench 
where it can be easily worked on. The usual method is to place 
the head on a soft cloth wdth the valves bearing against the 
bench. The valve springs may then be easily pushed down with 
a simple forked lever and the valve stem key removed to release 
the valve spring collar. In the Franklin engine, which is shown 
in part section at Pig. 115, it is not possible to remove the valves 
without taking the cylinder off the crank case, because the valve 
seats are machined directly in the cylinder head and the valve 
ionics are cast integrally with the cylinder. This means that if 
the valves need grinding tlio cylinder must be removed from tho 
engine base to provide access to the valve heads which are inside 
of that member, and which cannot he reached from the outside 
as is true of the L- or T-cy Under construction. 

The preferred method of carrying the valves when they are 
placed in the cylinder head is shown at Fig. 116, which is a part 
sectional view of tho Buiclc 6-cylinder motor. The valves are car^- 
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Pig. 116. — Part Sectional View of the Franklin Six Cylinder Air Cooled Engine, Showing Unconventional 

Valve Installation. 
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ried in cages which are readily removed from the cylinder head 
by unscrewing the retention nut that keeps the valve cage tightly 
pi'essed against the seating at its lower end to obtain a gas-tight 
Joint. The valve cages are easy to handle and it is a relatively 
simple operation to compress the valve spring and remove the pin 
which makes for easy removal of the valve. When this construc- 
tion is followed it is possible to grind in the valve by simply re- 
moving the cage assemblies from the cylinder. It is not necessary 
to disturb the cylinder in any way and does not call for discon- 
nection of intake or exhaust manifolds; the only things that need 
be removed are the valve operalihg tappets, which is work of but 
a few moments. 

The detachable liead idea has been carried out in a distinctive 
manner on the l’remier-Weid<ily motor, which is shown in pjirt 
section at A, Fig. 117. In this the valves seat directly into the 
i!ylinder head member which serves six cylinders. This construc- 
tion is made possible by casting the six cylinders in a block and 
using the type of cylinder head packing made popular by the 
Ford car. The valves are operated by an overhead camshaft which 
depresses the valve stems througli the medium of a cam rider 
which relieves the valve stem of the side thrust which would be 
present if the cam worked directly against the end of the valve 
stem. In order to remove the valve with tins construction it is 
necessary to dismount the camshaft and cam riders which are 
shown at B, in order to expose the valve Spring collars as indi- 
cated at D. The entire cylinder head may be tilted up on the 
bench as shown at C, which gives ready access to the valves which 
are provided witli a slotted boss making it possible to tnm them 
with a Bcreyr-driver bit when grinding them to a correct seating. 
Jt is evident that the valves cannot be worked on without re- 
moving the cylinder head from the cylinder block easting. 

Beseating and Truing Valves. — ^Much has been said relative 
to valve grinding, and despite the. mass of information given in 
the trade prints it is rather amusing to. watch the average repair- 
man or the motorist who prides himself on maintaining his own 
car performing this essential operation. The common mistakes 
are attempting to seat a badly grooved or pitted valve head on an 




Fig. 116. — ^Part Sectional View of Six Oxlinder Buick Motor, Showing Method of Valve Mounting in Easily 
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equally bad seat, wliich is an almost hopeless job, and of using 
coarse emery and bearing down with all one’s weight on the 
grinding tool with the liope of quickly ^veai'ing away the rough 
surfaces. The use of improper abrasive material is a fertile cause 
of failure to obtain a satisfactory seating. Valve grinding is not 
a difficult operation if certain precautions are taken before under- 
taking the work. The most imi)ortant of these is to ascertain 



I*ig. 1]7. — Sectional View Showing Construction of Premler>Weidely 
Overhead Valve, Detachable Cylinder Head Motor. 


if the valve head or seat is badly scored or i)itted. If such is found 
to be the cause no ordinary amount of grinding wdll serve to 
restore thte surfaces. In this event the best thing to do is to 
remove the valve from its seating and to smooth down both tlio 
valve head and the scat in the cylinder before attempt is made 
to fit them together by grinding. Another important precaution 
is to make sure that the valve stem is straight, and that the head 
is not w^arped out of shape or loose on the stem when the valve 
is a two-piece member. 

A number of simple tools is available at the present time for 
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roseating valves, these being outlined at Fig. 118. That shown at 
A is a simple fixture for facing off the valve head. The stem is 
supported by suitable bearings carried by the body or sliaiik of the 
tool, and the head is turned against an angularlj^ disposed cutter 
whicli is set for the proper valve seat angle. The valve head is 
turned by a screw-driver, the amount of stock removed from the 
licad depending upon the location of the adjusting screw. Care 
must be taken not to remove too much metal, only enough being 
taken off to renmve the most of the roughness. Valves’ are made 
in two standard tapers, the angle being either 45 or 60 degrees. 
It is imperative that the cutter blade be set correctly in order that 
the bevel is not changed. A set of valve truing and valve-seat 
roaming cutters is shown at Fig. 118, B. This is adaptable to vari- 
ous Ri/(* valve lu ads, as the cutter blade D may be moved to cor- 
respond to the size of the valve head being trued up. These cutter 
.blades are made of tool steel and have a bevel at each end, one 
at 45 degrees, the other at 60 degrees. The valve scat reamer shown 
at G will take any one of the heads shown at F. It will also take 
any one of the guide bars showm at II. Tlie function of the guide 
bars is to fit the valve stem bearing in order to locate the reamer 
accurately and to insure that the valve seat is machined concentri- 
cally with its normal center. Another form of valve seat reamer 
and a special wrench used to turn it is shown at C. The valve 
head truer showm at Fig. 118, D, is intended V) be placed in a vise 
and is adaptable to a variety of valve head sizes. The smaller 
valves merely lit deeper in the conical depr^^ssion. The cutter 
i^blade is adjustable and the valve stem is supported by a simple 
self-centering bearing. In operation it is intended that the valve 
stem, which protrudes through the lower portion of the guide 
bearing, shall be turned by a drill press or bit stock while the 
valve head is sot against the cutter by pressure of a pad carried 
at the end of a feed screw which is supported by a hinged bridge 
member. This can be swung out of place as indicated to permit 
placing the valve head against the cutter or removing it. 

As the sizes of valve heads and stems vary considerably a 
'^llniversar' valve head truing tool must have some simple means 
^of centering the valve stem in order to insure concentric machining 
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of the \'^alve head. A valve head truer wliieh employs an ingenious 
'method of guiding the valve stem is shoAvn at Fig. 118, B. The 
'.device consists of a body portion B, provided with an external 
thread at the top on which the cutter head A, is screw^ed, A 
number of steel balls C, are cai-ricd in the grooves which may 
be altered in size by the adjustment nut F, which screws In the 
bottom of the body portion B. As the nut F is sere wed in against 
the spacer member B, the V-groovos are reduced in size and tlie 
steel balls C are pressed out in contact with the valve stem. As the 
circle oy annulus is tilled with balls in both upper and lower x>ortions 
the stem may be readily turned because it is virtually supported 
by ball bearing guides. When a larger valve stem is to be sufj- 
ported, the adjusting nut F, is screwed out which increases the 
size of the grooves and permits the balls C, to spread out and 
allow the lai’ger stem to be inserted. 

In straightening a spindle, light shaft or valve stem that has 
accidentally become bent, hammering the piepe straight is crude 
and unraechanical and usually results in bruising it. A better 
way to straighten a bent valve stem is shown iji tlie illustrations 
at Fig, 119. The part to he straightened, in tliis case an exhaust 
valve, should first be heated at the bent portion with a flame from 
a blow torch w^hich is deflected against the portion to be raised 
to a high temperature by a simple band iron fixture to localize 
the flame. This is indicated at A, and the method of using it is 
showTi at B. While the bend is still hot the valve stem is jdaced 
between tlie jaws of a strongly built vise as shown at C. Cut or 
. file V-shape notches in three nuts or other il^'ces of Ynetal, lay 
the bent piece between the jaws with one of the nuts under the 
bent portion and the other two spaced further apart as indicated. 
Apply steady pressure with the vise screw and the piece will 
spring back into shape. By moving the supporting blocks N from 
one portion of the valve stem to the other, always exerting pres- 
sure against the bent part or high spot with one of the nuts, 
it will be possible to straighten the stem by removing kinks 
at points. While it is •preferable to support the valve in lathe 
ceii;te'r$ to determine when it is accurately straightened, if a lathe 
is not available a simple frame as shown at D, in which nails are 




Fig. 116 . — Simple Methods of Straightening Bent Valve Stems. 

the fixed ecd of the clamp and the A'alve stem in order not to mar 
that member. The method of straightening a bent valve stem in 
order to permit the removal of that member when it is earriet' 
in a removable valve cage is shown at Fig. 119, B. If one at- 
tempts to press or drive the valve out when the stem sticks from 
being bent the valve stem guide is apt to be broken, hecaus'^ j • 
is of cast iron which is a brittle material that will not stand rj-' 
stresses. 

In straightening Ike valve the vise jaws are provided with t. 
metal cap pieces and the cast iron valve stem guide is firml> 
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i oed between these members. Wlicn supported in this manner 
hie e is no danger of breaking oif the boss and the stem may 
de’. straightened by blows from the hammer, taking care to interpose 
thr ock of hard wood or a piece of babbitt metal between the 
num »3 stem and the hammer. When the valve cage is placed in the 
be ai ^are will be taken to liave the bent portion of the stem at the 
botto ’ ! the hub and it will also be imi:)ortant to have the valve stem 
the f lined that the blows directed against it will be exerted along 
longitudinal center line of the vise. The valve^ stems are 
bent when a wrench used to remove the cages slips and 
strikes the valve stem. The repairman may consider the work 
sufficiently w(dl done when the stem has bc(?n so straightened that 
the valve will fall out of the cage of its c^wn weight. It is evident 
that tlie hammer blows must be carefully directed and that the 
force of these ha gaug(*d intelligeiiliy as it is better to do tlie 
*;raiglitening with a stnies of light blows than with a lesser 
ac aber of heavy ones which may cause damage, 
an Valve Grinding Processes. — IMeutioji lias been previously made 
Vfix the importance of truing liotli valve head and seat before at- 
at ipt is made to refit the parts by grinding. The appearance of 
v' ‘ valve head when i)ittod or scored is indicated at Fig. 120, A, 
j 1 order that the motorist or novice j’cpairman can readily identify 
1 yiis defective condition. After smoothing the valve seat the next 
step is to find some way of turning the valve. Valve heads are 
usually provided with a screw driver slot passing through tlie 
boss at the top of the valve or with two drilled holes to take a 
forked grinding tool. The method of arrai ging the valve head 
for the grinding tool and the types of grinding tools commonly 
used are also sliowai at Fig. 120, A. A combination grinding tool 
which may be used when either the two drilled lioles or the slotted 
/ead form of valve is to be rotated is shown at Fig. 120, B. This 
, con^sts of a special form of screw driver having an enlarged boss 
just above the blade, this serving to support a U-shape piece 
it 'h can be securely hold in operative position by the damp 
at .ai ^ or whidi can be titrned out of the way if the screw driver 
ce*^.' J is to be used. 

V ' As it is desirable to turn the valve through a portion of a revo- 
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lution and back again rather than turning it always in the same", 
direction, a number of si>ccial tools has been designed to make 
this oscillating motion possible without trouble. A simple valve 
grinding tool is shown at Fig. 120, 0. This consists of a screw 
driver blade mounted in a handle in such a way that the end may 
turn freely in the handle. A pinion is securely fastened to the 
screw driver blade sliank, and is adapted to fit a race provided with 
a wood handle and guided by a bent bearing member securely 
fastened to the screw driver handle. As the rack is pushed back 
and forth the pinion must be turned first in one diraction and then 
in the other. 

A valve grinding tool patterned largely after a breast drill 
is shown at Fig. 120, D« This is worked In such a manner that a 
continuous rotation of the operating crank will result in an oscil^ 
lating movement of the chuck carrying the screw driver blade. 
The bevel pinions which are used to turn the chuck are normally 
free unless clutched to the chuck stem by the sliding sleeve which 
must turn with the chuck stem and which carries clutching mcm<‘ 
bers at each end to engage similar members on the bevel pinions 
and lock these to the chuck stem, one at a time. The bevel gear 
carries a cam piece which moves the clutch sleeve back and forth 
as it revolves. This means that the pinion giving forward motion 
of the chuck is clutched to tlie chuck spindle for a portion of a 
revolution of the gear and clutch sleeve is moved back by the cam 
and clutched to the pinion giving a reverse motion of the chuck 
during the remainder of the main drive gear revolution. 

A method that can be used for smoothing the surface of a 
valve head when the usual form of valve head truer is not avail- 
able is indicated at Fig. 120, E. The valve heads arc usually 
provided with a small dei)ression in the center known as a counter- 
.sink which is designed to act as a support for the valve when 
it is being machined from the forging. The stem of the valve is 
caught in the chuck of a bit stock and rested on any sharp point 
on a wall or bench. This can he easily made by driving a iQi^e 
wire uajl in the bench from underneath so that the point prdj^bts 
through the bench. The hit stock is briskly turned by a hel]pi*r 
and the rough, spots are removed from the seat with a flue file, care 
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Pig. 120. — ^Fonns of Valvo Grindlxig T 00 I& 
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being taken not to diange the taper the valve heaJ^, The valve ^ 
stem could be turned mutli faster and a superior finis^^.’jibtained if a 
breast drill were used instead of a bit stock, thou- "vith care a 
very creditable job may be done with the latter. 

One of the things to watch for in valve grinding is clearly 
indicated at Fig. 120, P. It sometimes happojjs that the adjusting 

screw on the valve lift 
[)lung(‘r OP the valve 
lift plunger itself does 
not permit th(i valve 
head to rest against 
Ihe seat. While tln^ 
condition is exagger- 
ated in the sketch it 
Avill be apj>ar(:nt tliat 
unless a (I(*finite s])aeo 
exists between tlie end 
of the valve stem and 
t'lK’ valve lift plunger 
that grinding will be 
of little avail because 
the valve head will not 
l)(‘ar properly against 
11ic‘ abrasive material 
sim^arecl on the valve 
seat. 

The usual methods 
of valve grinding arc 
c 1 e a r 1 y outlined at 
Fig. 122. The view at 
the left shows the 
method of turning the 
valve by an ordinary scrcAV driver and also shows a valve head at 
A, having both the drilled holes and the screw driver slot for turn- 
ing the member and two special forms (tf fork-end valve grinding 
tools. In the sectional view shown at the right, the use of the light 
spring between the valve head and 1h<* bottom of the A^alve chamber 



rig. 121. — A Nail or Piece of Wire Only 
Tool Necessary for Grinding Buick 
Valves to Correct Seating in Cage. 
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to lift the valve head from the seat whenever pressure on the grind- 
iijg tool is released is clearlv ijidioated/ It will be noted also 
that a boll of waste or cloth is interposed in the passage between the 
valve chamber and the cylinder interior to prevent the abrasive 
material from i)o.ssirig into the cylinder from the valve chamber. 
When a bitstock is used, instead of being givc^ii a true rotary 



Fig. X22. — Showing Practical Methods of Valve Grinding. At Left, with 
Ordinary Screw Driver; at Right, with Screw Driver Bit and Bitstock. 

motion the cliiick is merely oscillated througn the greater part 
of tlie circle and back again. It is ne<'essary to lift the valve 
from its seat frequently as the grinding operation contimios, this 
is to provide an oven distribution of the abrasive material plaeed 
between the valve head and its seat. Only sufllcient pressure is 
given to the bitstock to overcome the uplift of the si)ring and to 
insure that the valve will he held against the seat. Wliere the spring 
is not used it is possible to raise the valve froia time to time with 
the hand whieh is plaeed under the valve stem to raise it as the 
grinding is carried on. Tt is not always po.ssible to lift the valve 
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in this manner when the cylinders nrti in place on the engine base 
owing to the space between the valve lift plunger and the end of 
the valve stem. Jn this event the use of the spring as shown 
in sectional view will be desirable. 

The abrasive generally used is a paste made of medium or fine 
emery and lard, oil or kerosene. This is used until the surfa<!es 
are comparatively smooth, after which the final polish or finish is 
given with a iiaste of flour emery, grindstone dust, crocus, or ground 
glass and oil. An erroneous impression prevails in some quarters 
that the valve head surface and the sealing must have a mirror-like 
j)olish. While this is not necessary it is essential that the seat 
in the cylinder and the bevel surface of the head be sinot "^d free 
from pits or scratches at the completion of the operatic All 
traces of the emery and oil should be tliorougldy washed out of the 
valve chamber with gasoline before the valve uechanisni is as- 
sembled and in fact it is advisable to remove the old grinding com- 
pound at regular intervals, wash the seat thoroughly and supply 
fresh material as the process is in progress. The truth of seatings 
may be tested by taking some Prussian blue pigment and spread- 
ing a thin film of it over the valve seat. The valve is dropped in 
place and is given about one-eighth turn with a little pressure on 
the tool. If the seating is good both valve head and seat will be cov- 
ered uniformly >vith color. If high spots exist, the heavy deposit 
of color will show these while the low spots will be made evident 
because of the lack of pigment. The grinding process should be 
continued until the test shows an even bearing of the valve head 
at all points of the cylinder seating. When the valves are held 
ill cages it is possible to catch the cage in a vise and to turn the 
valve ill any of the ways indicated. It is much easier to clean 
off the emery and oil and thei-e is absolulely no danger of getting 
the abrasive material in the cylinder if the construction is such 
that' the valve cage or cylinder head member carrying the valve 
can be removed from the cylinder. When valves are held in cages, 
the tightness of the seat may be tested by partially filling the cage 
wdth gasoline and iiolicing how much liquid oozes out around the 
valve head. The degree of moisture present indicates the efficacy of 
Ihe grinding process. 
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Depreciation in Valve Operating Syateme.— There are a num- 
ber of points to be watched in the valve operating system because 
valve liming may bo seriously inlerfered with if there is much 
.-lost motion at the various bearing points in the valve lift mechan- 
ism. The two conventional methods of opening valves are sliown 
nt Fig. ,123. That at A, is the type cmi)loyt*d when the valve 
cages are mounted directly in the head, while the form at B, is 
the system used when th(‘ valves are located in a pocket or ex- 
tension of the cylinder casting as is the case if an L, o.r T-head 
cylinder is used. It will be evident that there, are .several points 
where depreciation may take place. The simplest form is that 
shown at B, and even on this there are five*, points where lost mo- 
tion may be noted. The periphery of the valve opening cam or 
roller may be worn though this is not likely unless the roller 
or cam has been inadvertently left soft. The pin which acts as 
^ bearing for the roller may become worn, this occurring quite 
^jiieu. Loosfiness may materialize between the bearing surfaces 
of the valve lift plunger and the plunger guide casting and there 
may also be excessive clearance between the lop of the plunger 
and the valve stem. 

On the form shown at A, there are several parts added to those 
indicated at B. A walking beam or rocker lever is necessary tc» 
transform the upward motion of the tappet rod to a downward 
motion of the valve stem. The pin on which this member fnlcrnnis 
may wear as will also the other pin acting as a bingo or bearing 
^ |^|.ihe yoke end of the tappet rod. It will he apparent that if 
yjght play existed at each of the points menticned it might result 
m a serious diminution of valve opening. Suppose, for example, 
that there were .005-inch lost motion at each of three bearing points, 
tlie total lost motion would he .015-iacb or sufficient to produce 
noisy action of the valve mechanism. When valve plungci-s of 
the adjustable form, such as sliown at B, are used, the hardened 
bolt head in contact with the end of the valve stem may become 
' hollowed out on account of the hammering action at that point. 
It is imperative that the top of this member be ground off true 
and the clearance between the valve stem and jilunger properly ad- 
, justed. If the plunger is a nou-adjustablc type it will be necessary 




!?ig. 123. — ^Points in the Valve Operating Mechanism That Demand Attention. 
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it to lengthen the valve stem by some means in order to reduce 
the excessive clearance. The only remedy for wear at the various 
hinges and bearing pins is to bore tlie holes out slightly larger 
and to fit new hardened steel pins of larger (iiameter. Depreciation 
between the valve plunger guide and the valve plunger is usually 
remedied by fitting new plunger guides in place of the worn ones. 
Jf there is sufficient stock in the plunger guide casting as is 
always the case when these members are not separable from the 
cylinder easting, the guide may be bored out and bushed witli a 
light bronze bushing. 

Another point where depreciation must bo looked for is be- 
' tw(Hm the valve stem and the valve stem guide in the cylinder. 
The methods of repairing this defect are clearl 3 " indicated at Pig, 
124. A common cause of irregular engine operation is due to a 
sticking valve, which condition is clearly depicted at Pig. 123, C. 
This may be due to a bent valve stem, a weak or broken valve 
spring or an accumnlation of burnt or gummed oil between the 
valve stem ^rid the valve stem guide. In order to prevent this the 
valve stem must be smoothed with fine emery clotJi and no burrs 
or shoulders allowed to remain on it, and the stem must also be 
r straight and at right angles to the valve head. If the spring is 
weak it may be strengthened in some oases by stretching it out so 
that a larger space will exist between the coiLs. Obviously if a 
spring is broken tlie only remedy is replacement of the defective 
meml3er. 

A number of engines of old patterns bad earns ke.yod to the 
^ camshaft instead of formed integrally with it t.s is now common 
practice. After the engine had been used for a time, especially 
if the valve springs were stiff, the key was very apt to become 
loose in the cam which would result in a pronounced knock when 
the engine was in operation. The reason for this knock may be 
^clearly understood by referring to illustration at Fig. 123, D, With 
the key slot worn, as the cam started to lift the plunger the pres- 
sure against the cam would cause that member to come back 
against the key sharply and the hammering action would cause 
noise. Similarly when the cam left the plunger the looseness, 
would again be evidenced and another knock would result. Where 

V. 
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this form of fasteniiijc is used the only remedy for worn keyway ' 
in the cam is to use whler keys in the camshaft by providing now 
keyways in that niember, While it Ls possiWe to cure the trouble 
by using a two diameter key, this is not considered good praetiee 
owing to difficulties in properly fitting such a ineiiih(*r. 

Mention has been made of wear in the valve stem guide and 
its inflinnice on engijie action. When these membets are an integral 
part of tho cylinder the only method of eornpcnsaling for this 
wear is to drill the guide out and fit a bushing, wdiich may b(‘ 
made of steel t\]be. In order to insure that the hole will be bored 
out true a sim])lo jig is extemporized from one of tlie valv** chan)b(T 
(faps as indicated. The eap used is the member carrying tlie 
si)ark plug and the oi)ening left for this member is filled with :• 
threaded bushing carrying a plain hardened steel bushing intended 
for the drill guide. As it is not always i>o.ssible to procure steel 
tubing of the proper size it may be necessary to drill out or ream 
out the bore of the tube to fit the valve stem after the bushing 
is driven in place. 

In most cngiJies, especially those of recent development, the 
valve stern guide is driven into the cylinder casting and is a 
separate member wdrieh may be removed when worn and replaced 
with a new one. When the guides become enlarged to .such a point 
that con.sideral)Ie j)lay exists between them and th(' valve stems, tliey 
may be easily knocked out by using a drift pin of the proper size 
and a hammer or forced rut under an arbor press. This is not 
a difficult thing to do, a.s one need not be afraid of injuring a 
member which is no longer of any use. Care must be taken, how- 
ever, in placing the new valve stem guide because, while this might 
be hammered in ]>la.ee, it could not be done unless extreme care 
w'as exorcised and there would always exist tlie possibility of 
injuring the guide. Tlie approved method of iiislaniiig a new 
valve stem guide is shown at Fig. 124, C. A cold rolled steel 
rod is threaded practically its entire length and is of sufficient 
diameter to just lit into the hole in the guide. A substantial piece 
of fiat stock E, is placed over the valve chamber, this being at least 
one-quarter inch thick and one inch wide and of such length 
as to bridge the valve cap opening over and leave a liberal margin 
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ill. oitluT sidi*. Tlio mil A, is screwed down on the rod D, until 
the nut C, at the lower end of the rod is heariiipr tii?htly a^jaiust 
the valve stem guide 0. Tlie guide member is then forced into 
l>lace l)y turning eitlier or both of the nuts A, or C, until it 
is firmly seated. It is possible to use a long bolt instead of the 
rod B, if desired. AVhen this system of valve guide eonstriiclion 
is followed, the work of replaeing the worn members can be 



Fig. 124. — ^Practical Methods of Bestoring Worn Valve Stem Guide 

Bushing. 

done by one without mechanical experience just as well as by the 
jTiore expert. 

The deprcoiation of the exposed valve stem guides may be 
reduced considerably by adopting the scheme for lubricating the 
valve stems sho^vn at Fig. 124, B, used on Overland ears. This 
consists qf cutting out the lower portion of the valve stem guide 
to take a beveled felt washer which is kept firmly pressed against 
the seating by a cupped stgel washer maintained in contact ag«ainst 
the felt by a coil spring extending down to the valve spring collar 
and fitting the valve stem fairly close. The shape of the cupped 
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washer makes it possible to fill that member with oil which is 
absorbed by the felt and distributed against the valve stem as it 
reciprocates tip and down. On practically all motors o£ recent 
design, provision is made for enclosing the valve stems and plungers 
in order to keep out dirt and grit and to retain lubricating oil 
splashed on the working surfaces from the crankcase interior 
or forced out through the valve operating plunger guides because 
of internal crankcase pressure. 

Piston Troubles. — If an engine, has been entirely disraaiilled it 
is very easy to examine the pistons for deterioration. The relation 
of the piston, connecting rod and crankshaft of a typical powder 
plant is clearly outlined at Fig. 125 and below the assembled group 
both the connecting rod and piston are shown dismantled. While 
it is important that the piston be a good fit in the cylinder it is 
mainly upon the piston rings that compression depends. The piston 
should fit the cylinder witii but little looseness, the usual practice 
being to have the piston about .001 -inch smaller tlian the bore 
for each inch of piston diameter at the point where the least 
heat is present or at the bottom of the jiiston. It is ntjcessary to 
allow more than this at tlie top of the piston owing to its expan- 
sion due to the direct heat of the explosion. The cJciarance is 
usually graduated and a piston that would be .005-incli smaller 
than the, cylinder bore at the bottom \vould be about .OOGo-ineli 
at the middle and .0075-inch at the top. If much more play than 
this is evidenced the piston will “slap’^ in the cylinder and the 
piston will be worn at the ends more than in the center. Pistons 
sometimes warp out of shai)e and arc not truly cylindrical. This 
results in the high spots rubbing on the cylinder wdiile the low’ 
spots will be blackened where a certain amount of gas has leaked by. 

Mention has been previously made of the necessity of reboring 
or regrinding a cylinder that has become scored or 8:?ratched and 
which allows the gas to leak by the piston rings. When the cylinder 
is ground out, it is necessary to use a larger piston to conform to 
the enlarged cylinder bore. Most manufacturers are prepared to 
furnish over-size pistons, there being |our standard over-size di- 
mensions adopted by the S. A. E. for rcbored cylinders. These 
arc .010-inch, .020-inch, .030-inch, and .040-inch larger than the 
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regular dimension. Care shoiild be taken in reboring the cylinders 
to adhere as closely as possible lo one or the other of tliese stand- 
ards. 

If the engine construction is such that .side jdates may he re- 
moved from the crank case and the cylinder head removed from 
the cylinders it is ixissible to remove a piston for inspection wilh- 



Tig. 125. — ^Typical Piston, Connecting Rod and Crankshaft Assembly* 


out taking down the entire motor. As will be noted at Pig. 126. 
when the side plate is removed from the engine base a large open- 
ing is left through which the connecting rod cap nuts may be 
f easily reached with an ordinary S wrench. After the cap is re- 
moved from the connecting rod it is not difficult to push the con- 
necting rod and piston assembly out through tlie openiijig left at 
the toi) of the cylinder. • 

All gas engine pistons are provided with two or more packing 
rings and it is these members that frequently need inspection^ 
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rather than the piston itself. The common forms of piston rings'^ 
used are outlined at Pig. 127. The different types showll an; 
tilted to one piston, though the usual practice is to use rings of 
the same type in each group. The ring shown at Pig. 127, A, iuis 
a diagonal cut joint and has been widely applied. Tliat depieh'd 
at B, has a Iapj)ed or step joint, and is superior to the form shovMi 
above it, inasmuch as it will retain gas in ii more positive maiuiiM. 
The butt joint ring shown at 0, is seldom used on automobile en- ' 



Tig. 126. — Sbowlng how Connecting Bod Caps May be Beached Through 
Inspection Holes In the Side of the Crankcase. 


gines though it is sometimes applied to cheap stationary or marint 
types. The use of a number of light steel rings instead of one 
wide ring in tlie groove is found on a number of the 1915 auto 
mobile power plants. It is contended that where a number ol’ 
light rings is employed a more flexible packing means is obtained 
and the possibility of leakage is reduced. Rings of this design ari.\ i 
made of square section steel wire and are given a spring temper. 
Owing to the limited width the diagonal cut joint is generally em- 
ployed instead of the lap joint which fs so popular on wider rings. 
This construction is clearly outlined at Pig. 127, D. 

Leak Proof Pieton Rings. — In order to reduce the eompres- 
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sion lo^ and leakage of gas by the ordinary simple form of di- 
agoiSal or lap joint one-piece piston ring a number of compound 
rings have been devised and are offered to the repairman -to use 
ill making replace- 
ments. The loading 
forms are shown at 
Fig. 128. That shown 
at A, is kndwm as the 
‘‘Statite” and consists 
of three rings, one 
earri(?d inside while 
the other two are car- 
ried on the outside. 

The ring shown at B, 
is cl double idng and is 
known as the IVlcCad- 
den. This is composed 
of two thin concoiitvic 
lap joint rings so dis- 
posed relative to each 
other that the opening 
in the inner ring 
comes opposite to the 
opening in the outer 
ring. The form shown 
at C is known as the ‘‘Lecktite/' and is a single ring provided 
' with a peculiar form of lap and dove tail joint. The ring shown 
at D, is known as the ‘"Dunham'^ and is of the double concen- 
tric type being composed of two rings with lap joints which are 
welded together at a point opposite the joint so that there is no 
passage by which the gas can escape. The Burd high compres- 
^sion ring is shown at E. The joints of these rings are sealed 
by means of an II shaped coupler of bronze which closes the 
opening. The ring ends are made with tongues which interlock 
with the coupling. The ring shown at F, is called the “Evertite’^ 
and is a three-piece ring composed of three members as shown in 
i^he sectional view below the ring; The main part ,or inner ring 
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has a circumferential channel in which the two outer rings lock,; 
the resulting cross-section l)cing rectangular just the same as that 
of a regular pattern ring. All three rings are diagonally split 
and the joints arc3 spaced e(iual1y and the distances maintained by 
small pins. This results in each joint being sealed by the solid 
portion of the oilier rings. 

The piston rings should be taken out of the piston grooves and 
all carbon deposits removed from tlio inside of the ring and tin- 



Fig. 128. — Leak Proof and Other Compound Piston Bings. 


liottom of the groove. It is important to take this deposit out be- 
cause it prevents the rings from performing their proper functions 
by reducing tlie ring elasticity, and if tlie deposit is allowed to 
accumulate it may eventually result in sticking and binding of 
the ring, this producing excessive friction or loss of compression. 
When the rings are removed they should be tested to see if they 
retain tlieir elasticity and it is also well to see that the small pins 
in some pistons which keep the rings from turning around so the 
joints will not come in line arc still in place. If no pins are found 



269 


Removing Stuck PUfon 

Inhere is no cause for alarm because these dowels arc not always 
used, Wlieu fitted, they are utilized with rings having a butt joint 
or diagonal cut as the superior gas retaining qualities of the lap 
or step joint render the pins unnecessary. 

If gas has been blowing by the ring or if these members have 
not been fitting the cylinder properly the points where the gas 
passed will be evidenced by burnt, brown or roughened p(^rtions 
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Fig. 129. — Processes Incidental to Piston Bing Bestoration. 

of the polished surface of the pistons and rings. The point whore 
this discoloration will be noticed more often is at the thin end of 
an eccentric ring, the discoloration being present for about j4-inch 
or 54-i^ch each side of the slut. It may be possible that the rings 
^were not true when first put in. This made it possible for the 
gas to leak by in small amounts initially which increased due to 
continued pressure until quite a large area for gas escape had 
been created, , 

Removing Pistons Stuck in Combustion Chamber. - The re- 

^ moval and replaeernont of pistons and rings seldom offer any 
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trouble if the work is properly carried on, but if for any reasor 
the piston should be pushed too far up into the cylinder on some 
types of engines the top ring will expand into the combustion cham- 
ber and will lock the pistons tightly in place. This is a difficult 
condition to overcome with some forms of cylinders though if the 
cylinder casting is of the L or T form it may be possible to com- 
press the rings sufficiently to remove the piston by simple means. 



Fig. ISO. — Simple Metlrod of Bemoving or Installing Piston Bings. 

The best method is shown at Pig. 129, A. A very thin strip of ' 
metal of ai)pro.ximately the same width as the piston rings is passed 
through one of the valve chamber openings and passed around the 
piston and pulled out through the other opening. It requires the 
services of two people and sometimes three to remove a piston stuck 
in this manner. The efforts of one are directed to keep the band ' 
taut under the ring and to exert an upward pull which forces that 
portion of the ring embraced by the njetal band to fill the groove 
in the piston. Another person uses a pair of screw drivers, one 
through each valve chamber opening to compress the ring at the 


Piston Ring Manipulation wl 

lipoints indicated in the drawing. Tliis means that a three point 
compressional effect is obtained and it is a simple matter for the 
third person to draw the piston hack into the cylinder when the 
ring has been properly compressed in its groove. It is not always 
possible to compress the ring so the only other alternative is to 
break it in a number of pieces by hitting the brittle ring with a 
drift or chisel and then withdrawing the pieces one at a time until 



Pig. 131. — Simple damp for doslns Piston Ring to Facilitate Insertion 

in Cylinders. 


the ring has been entirely removed. With the T-head cylinder it 
is sometimes possible to remove the ring without the use of the 
metal bands, as that member is compressed at diametrically op- 
posite points by a screw driver inserted through each valve cham- 
ber cap. 

Piston Ring Manipulation. — Removing piston rings is a dif- 
ficult operation if the proper means are not taken, but is a 
comparatively simple one when the trick is known. The tools 
required are very simple, being three strips of thin steel about 
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one-quarter inch wide and four or five inches long and a pair^i 
of spreading tongs made up of one-quarter inch diameter key- 
stock tied in the center with a copper wire to form a hinge. The 
construction is such that wdien the hand is closed and the handles 
brought together the other end of the expander spreads out, an 
action just opposite to that of the conventional pliers. The method 
of using the tongs and the metal strips is clearly indicated at 
P^ig. 130. At A the ring expander is shown spreading the ends 
of the rings snificienthv to insert the pieces of sheet metal bc- 
tvreen one of the rings and the piston. Grasp the ring as shown 
at B, pressing with the thumbs on the top of the piston and 
the ring will slide off easily, the thin metal strips acting as guide 
members to prevent the ring from catching in the other piston 
grooves. Usually no difficulty is experienced in rernoving the ttip 
or bottom rings, as these members may be easily expanded and 
worked off directly without the use of a mental strip. When re- 
moving the intermediate rings, however, the metal strips will be 
found very useful. These arc usually made by the repairniau 
by grinding the teeth from old hacksaw^ blades and rouiuling the 
edges and corners in order to reduce the liability of cutting the 
fingers. By the use of the three metal strips a ring is removed 
withoiit breaking or distorting it and practically no time is con- 
sumed in the operation. 

Fitting Piston Rings. — Before installing new rings, they should 
be carefully fitted to the grooves to which they are applied. The 
tools required are a large piece of fine emery cloth, a thin, flat file, a 
small vise with copper or leaden jaw clips, and a smooth hard sur- 
face such as that afforded by the top of a surface plate or a well 
planed piece of hard wood. After making sure that all deposits of 
. burnt oil and carbon have been removed from the piston grooves, 
three rings are sehicted, one for each groove. Tlie ring is turned all 
arourul its circumference into the groove it is to fit, which can be 
done without sx)ringing it over the piston as the outside edge of the 
ring may be us<»d to test the width of tlie groove just as well as the 
inside edge. The ring should be a fair.fit and while free to move 
. circumferentially there should bo no appreciable up and down 
motion. If tlie ring is a light fit it should ho laid edge down upon 
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the piece of emery cloth which is placed on the surface plate and 
carefully rubbed down until it fits the groove it is to occupj". It 
is advisable to fit each piston ring individually and to mark them 
in some way to insure that they will be placed hi the groove to 
which they are fitted. 

The repairman next turns his attention to fitting the ring in 
the cylinder itself. The ring shoulil be pushed into the cylinder 
at least two indies up from the bottom and endeavor should be 
made to have the lower edge of the ring parallel with the bottom 
of the cylinder. If the ring is not of correct diameter, but is 
slightly larger than the cylinder bore, this condition will be evi- 
dent by the angular slots of the rings being out of line or by diffi- 
culty in inserting the ring if it is a lap joint form. If such is 
the case the ring is removed fr(»m the cylinder and placed in the 
vise betwe(ui llie soft iiielal jaw clips, as shown at Fig. 12f), B. 
Sufficient metal is removed with a fifu‘ file from tJie edges of the 
ring at the slot until the edges come into line and a slight space 
exists between tliem wIkui the ring is plaeed into tlie eylinder. It 
is important that this siiace be left between the ends, for if this 
is not done when the ring becomes heated the expansion of metfal 
may cause the ends to abut and the ring to jam in the cylinder. 

Another method of fitting a piston ring is indicated at Pig. 
129, 0. A plug is made of soft wood, such as yellow pine that will 
be an easy fit in the cylinder and one end is turned down enough 
so that a shoulder will be formed to l)ack tlie ring. The turned 
down portion should be a little less than the width of the ring to 
be tested. The ring is pushed on this turned down end of the 
w^ooden plug and held by a small batten secured Iv a screw in the 
center. This does not hold the ring tightly enough to keep it 
from closing up. It is also imporlant to turn the end of the wooden 
plug small enough so that its diameter w'ill be less than the bore 
of the ring when that numiber is tightly closed. The oylinder bore 
is smeared with a little Prussian bine pigment Avliieh is spread 
evenly over the cylinder wall with a piece of waste and the ring 
is moved back and forth in the eylinder w'hile it is held scpiare 
by the shoulder on the plug. The high spots on the ring will be 
showm by color. Usually the ring wdll be found to bear hardest 
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at each side of the slot. These high spots are removed carefully/ 
with a very fine mill file or piece of emery cloth and the ring is 
again inserted in the cylinder bore to find other high spots which 
are removed in a similar raamicr. When the rings fit fairly 
well all around, the entire surface will have a uniform coating 
of blue. 

If the old piston rings are bright all around but appear to 
have lost tlieir elasticity, a new lease of life may he given by a 
process known as peening which is shown at Fig. 129, D, The 
ring is stood on a surface plate and is tapped inside with the peen 
end of a light hammer, using the harder blows at the thick section 
and gradually reducing the force of the blow as the slot is ap- ^ 
proached. If skillfully done a ring may be stretched to some ex- 
tent and eonsidorahlc elasticity imparted. Piston rings are not 
always of the simple form shown at Pig. 127. Various duplex 
constructions have been offered with an idea of reducing the possi- 
bility of leakage. A ring of this type which is known as the ‘‘Leak 
Proof'’ piston packing is shown at Pig. 129, B. These duplex 
rings are harder to install than the simpl(»r forms, and it is im- 
portant that they be carefully fitted to the cylinder and to the 
piston gr(X)ves. 

It is necessary to use more than ordinary caution in replacing 
the rings on the piston because they are usually made of cast iron, 
a metal that is very fragile and liable to break because of its 
brittleness. Special care should be taken in replacing new rings as 
these members are more apt to break than old ones. This is prob- 
ably accounted for by the heating action on used rings which tends 
to anneal the metal as well as making it less springy. The bottom 
ring should be placed in position first w’^hich is easily accomplished 
by springing the ring open enough to j)ass on tlie piston and 
then sliding it into place in the lower groove which on some types 
of engines is below the wrist pin, whereas in others all grooves are ^ 
above that membei*. The other members are put in by a reversal 
of the process outlined at Pig. 130, It is not always necessary 
to use the guiding strips of metal wlii^ii replacing rings as it is 
often possible, by putting the rings on the piston a little askew 
and manceuvering them to pas.s the grooves without springing the 
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ring into them. The top ring should be the last one placed in 
position. 

Before replacing pistons in the cylinder one should make sure 
tliat the slots in the piston rings are spaced equidistant on the 
piston and if pins are used to keep the ring from turning one 
should bo careful to make sure that these pins fit into their holes 
in the ring and that they are not under the ring at any i>oint. 
Praetieally all cylinders arc chamfered at the lower end to make 
insertion of piston rings easier. Tlie operation of putting on a 
cylinder easting over a piston really requires two pairs of hands, 
one to manipulate the cylinder, the other y)erRon to close the rings 
as they enter tlie cylinder. This may be done very easily by a 
simple clamp member made of sheet brass or iron and used to close 
the ring as indicated at J<hg. PU, A. It is apj)arent that the clamp 
which is show'll at 13, must be adjusted to each individual ring and 
that the split i)or1i()ii of the clamp must coincide with the split 
portion of the- ring. The cylinder should be well olh^d before at- 
tempt is made to install the pistons. The engine should be ruu 
with more than the ordinary^araount of lubricant for several days 
after new piston rings have been inserted. On first starting the 
engine, one may be disappointed in that the compression is even 
less than that obtained with the old rings. This condition wdll 
soon be remedied as the rings become polished and adapt themselves 
to the contour of the cylinder. It will take fully 100 miles of road 
w'ork to bring the rings to a sufficiently good fit so that a marked 
improvement in the compression will be noticed. 

How Wrist Pins Are Held. — ^While the repairman is working 
on the instous there is one important member of the piston as- 
sembly that sliould receive attention and that is the pin on which 
the upper end of the connecting rod swings. These are held in 
place in a variety of ways, the most common of which arc shown 
^at Fig. 132. In some forms of pistons the piston pin is a tight fit 
^in the bosses and it is nGeessar5^to force it out. The method of 
doing this is clearly outlined at Fig, 129, F. This calls for the 
use of a special clamp fitting having a hole at one side sufficiently 
large for the wrivSt pin to pass through jiiid carrying a forcing 
.screw at the other. The screw passes through a nut w-iiicli is kept 
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from turning by bonding tbo band around it. Any motion of tlu\, 
screw that will advance it into the nut will lend to force out tlio 
wrist pin without injuring that member. 

The means of locking the wrist pin in place that have been 
used are legion, but those depicted arc the most common. That 
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rig. 132. — Conventional Methods of Piston Pin Betentlon. 

at A, involves the use of a se.l scre^v passing through one of tfle 
piston bosses ami into the wrist pin as indicated. This method is 
not the ]UTfeiT<M:l eoiutruction on account of the liability of the 
lock nut to heeoiiie loose and the set screw to unscrew itself from 
vibration and drop into the engine base wliere it may do eon- 
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siclorable darringo. "When locking .screws are employed, the methods 
of retention shown at B and (\ an; considered superior. In the 
former holes an? drilled through the heads of the set screws and a 
piece of spring wire passed through them as indicated. Wliere a 
hollow wrist pin is used the end of the set screw' may be provid(‘d 
with a hole to receivt? a s])lit })in. The juethod of keeping the 
wrist pin in place sliown at I), involves the use of a spring pressed 
plunger which is liousod in a suitable b()ss cast on one side of the 
l)iston„ In order to remove a. wrist pin held by this inellio’d it is 
necessary to n.se a j)ieee of stiiT wire such as a Incivcle Sf)oko and tt) 
luish Ihe plunger back out of the Avrist pin. The wrist ])in is then 
jnoved slightly to one side so that the end of the plunger will r(?st 
on the wrist pin and the piece of still wire removed. It i.s then an 
easy matt(‘r to i>ush the wrist pin out of llie bosses. The* nielhod 
depleted at K, is .self-e^plaualory, a retaining ring similar in con- 
stj*iictioji to a j)istoJi ring, but somewhat wider j)assiijg entirely 
around the piston in a suitable groove cut around tlie zone of tlu? 
wrist pin bo.sses. The metliod oullincd at F, r(>ceived wide apj)li- 
calion on earlier eiigin<‘s, but is not much u.sed at the present time. 

, In this tlie hollow w rist pin was slotted at four points at cadi end, 
and was i)rovido(l Avitli a ta])ering thread into wiiidi a correspond- 
ingly formed idug was sorew’cul to expand the \vj*ist i)in agaijist 
the bosses. In all of the forms outlined, the wrist pin is to be 
held from rotation while the connecting rod oscillates on it. In 
the form shown at G, the wrist pin oscillates in the i)iston bosses 
and the connecting rod is tightly claTni)ed to the wTist pin by a 
suitable clamp bolt. To remove the wrist pin it i j necessary t(» 
take out the clamp bolls which will permit the piston bass U 
spread enough to release its hold on the wrist pin. 

Wrist Pin Wear. — Wliile w^ist pins are usually made of veiw 
tough steel, case hardened wntli the object of wearing out an easily 
^renewable bronze bushing in the upper end of the connecting rod 
rather than the wrist pin it sometimes happens that these members 
will he worn so that even the replacement of a new bushing in 
the connecting rod will not reduce the lost motion and attendant 
noise due to a loose wrist pin. The only remedy is to fit new wrist 
*^>ins to the piston. Where the connecting rod is clamped to the 
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Pig, 133. — Showing Method of Supporting Crankcase to Provide Beady 
Access to Connecting Bods and Crankshaft Bearings* 

wrist pin and that member oscillates in the piston bosses the wean 
will usually be indicated on bronze bushings which are pressed into 
the piston bosses. These are easily renewed and after running a 
reamer through them of the proper *size no difficulty should be 
experienced in replacing either the old or a new wrist pin depend- 
ing upon the condition of that member. 
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Inspection and Refitting of Engine Bearings. — While the en- 
gine is dismantled one has an excellent opportunity to examine 
tlie various bearing points in the engine crankcase to ascertain 
if any looseness exists due to depreciation of the bearing surfaces. 
As will be evident from the views at Figs. 133 and 134, both main 
crankshaft bearings and the lower end of the connecting rods may 
bo easily examined for deterioration. With the rods in place as 
sliown at Pig. 133, A, it is not difficult to feel the amount of lost 
motion by grasping the connecting rod firmly with the baud and 



Fig. 134. — Top Half of Crankcase Showing Method of Crankshaft Beten* 
tion hy Three Main Bearing Caps. 

moving it up and down. The appearance of the engine base after 
the connecting rods and flywheel have been removed from the 
crankshaft is shown at Pig. 134, while the appearance of the upper 
portion of the crankcase after the crankshaft is removed is clearly 
r shown at Pig. 133, C. 

After the connecting rods have been removed and the flywheel 
taken off the crankshaft to permit of ready handling, any looseness 
in the main bearing may b*e detected by lifting up on either the 
front or rear end of the crankshaft and observing if there is any 
^lost motion between the shaft journal and the main bearing caps. 
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It is not necessary to take aii engine entirely apart" to examine 
tlie main bearings as in some forms these may be readily reached 
l\v renioviiig n largo inKp<?ctioii plale either from the l)ottom or 
sule of tlie engine crank case. In the Winton engine, ’which is 
sliown at Fig, l-lo, a distinclive method oC crank case constrnctiou 
is uscil in ■which that numiher is divided vertically instead of: hori- 
zontally as is the usual ])ractico. One-half of the crank case may 
he leinoved, this li'uving th(5 crai'kshaft and connecting rods snp- 
j)orte<l )>y tJio other lialF. It is not necessary to remove the cylin- 
d(‘r easting to gain access to the crank case interior. This type of 
coiistriieliou is rare, however, and is found only on tlie engine de- 
sign opllined. The syni])tonis of M-<»rn main ))(‘arings are not hard 
to identify. If an (oigine knocks Avlii'n a vi‘hicle is travtdiiig over 
le\el i-oads regardless of .sjxsmI or spai’k lever position and the 
lron])l(‘ is not due to earhon depc^sits in the eom])ustion chamber 
one Jtiay reasonably surmise that the main hearings have bi^eonic 
loose or that lost motion may exist at tlie conneeliiig rod big ends, 
and possibly at the wrist ])ins. The main journals of any well 
designed <*jigine are usually [)roportioiu*(l with anij)le surface and 
will not wear nndnly unless lubrication has been neglecihul. The 
eonneciing rod bearines wear quicker lluin the main bearings ow- 
ing to being subjeeh'd to a greater ujiit stiess and it may bo nece.s 
sary to take these, up several times in a season if the car is driven 
to ajiy extent. Main bearings should run for ten thousand miles 
without attention in a properly built engine that lias always been 
well oiled. Miist coriuectiiig rod bearings will loosen up enough 
to he taken up in live thousand miles. 

Adjusting Main Bearings, — Wlien the ])eariags are not worn 
enough to reijiiirc rdittiiig the lost motion can ol ren eliminated 
by removing one or more of the thin shims or liners ordinarily 
used to separate the bearing eaps from tlie scat. These an; shown 
at Fig. LSI, A. Care ninst he taken that an even number of shims 
of the same thickness an? removed from each side of the journal. 
If there is considerable lost motion after one or two shims have 
hoeii removed, it will be advisable to lake out more shims and to 
scrape the bearing to a fife before tins bearing cap Ls ligbtoned up. 
It may be necessary to clean up the crankshaft journals as tliese 
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Tig. 136. — ^Processes and Tools Necessary for Bearing Bestoration. 


may be scored duo to not having received clean oil or having had 
bearings seize upon them. It is not difficult to true up the crank 
pins or main journals if the score marks are not deep. A fine file 
and emery cloth may be used, or a lapping tool such as depicted 
at Fig. lEi6, B. The latter is preferable because the file and emery 
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cloth will only tend to smooth the surface while the lap will have 
the effect of restoring the crank to proper contour. 

A lappinr' tool may be easily made as shown at B, the blocks 
being of lead or hard wood. As the width of these are about half 
that of the crank pin the tool may be w^orked from side to side as 
it is rotated. Another form of lapping tool and, the method of 
using it which is practically the same as that we are now describing 
is shown at Pig. 139. An abrasive paste composed of fine emery 
powder and oil is placed between the blocks, and the blocks are 
firmly clamped to the crank pin. While the approved method is- 
to place the shaft between latlie centers as shown at Pig. 14.1, and 
revolve it slowly, guiding the lapping tool with the hand as the 
slmft revolves, tlio lathe is not always available. In that case the 
crankshaft may he clamped to the work bench as indicated at Fig. 
13C, C, and the lapping tool turned by hand around the stationary 
cranksliaft. It may not be necessary to remove the crankshaft 
from the engine base as a lapping tool may be used without diffi- 
culty under the conditions showm at Pig. 1«39, C. As the lead 
blocks bend doAvn, the ‘wing nut should be tightened to insr.re 
that tlievabrasive will be held with some degree of jmessuro against 
the sliaft, A liberal supply of new abrading material is placed 
betw'een the lapping blocks and crankshaft from time to time and 
the old mixture cleaned off with gasoline. It is necessary to main- 
tain a side to side movement of the lapping tool in order to have 
the process affect the whole width of the crank pin equally. The 
lapping is continued until a smooth surface is obtained. 

If a crank pin is worn out of true to any extent the only method 
of restoring it is to have it ground dowui to proffer circular form 
by a competent mechanic liaving the necessary machine tools to 
carry on the work accurately. In order to support a crankshaft 
in a lathe or grinding machine special forms of dogs may be used 
or special crankshaft supporting flanges may be made of cast iron. 
An adjustable dog is show'n at Pig. 140, A. This has a movable 
center pad which can be moved up and down to provide for vary- 
ing distances between the, center line of the crank pin and the 
crankshaft when turning the crankpins. It is not difficult to sup- 
port a crankshaft in a lathe when the work is to be done on tho 
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main journal. This c*au be easily aeeomplished by the use of 4 | 
regular pattern latJie dogs and baek rest as shown at Fig. 141, A. ‘ 
Machining the crank throws is inon^ difficult as th(‘ crankshaft 
must be revolved eccentrically or on tlm crank piji centers instead 
(»f the main journal <‘onters. The iist^ of the special supporting 
flanges shown at Fig. 140, B, is clearly oiiflim'd in tlic lower por- 
tion of J^ig. 1 H. It is ueecssaty to use counterweights in order to 
balance the weight ov(‘rlijinging the center and to insure s)nooth 
rotation of the crank shatt. The journals may ])(» machined either 
by putting on a V(Ty fine fml and using the conventional ]»a1tern 
of turning tools if the sliaft is snt‘1, or the journals may be ground 
if they a!*e Ijard, if a grinding altaclimeut is available. 

Tlio manner in which ihe adjustable thrg or sjjceial crankshaft 
supporting fhujge works ean be easily understood by Tvferj’ing to 
the drawing at Fig. 14d. The distance between the eeiiter of the 
crank pin and cranksluil't main journals depends (mtirely iij)on the 
stroke of the piston. This distance i.s invariably half of the stroke, •* 
For example, in an engine having a 5-iucb stroke, the distance 
between the center lines would be 2>i inches. If suitabh* center 
holes are drilled in tla^ face of the sui)portnig flange at the proper 
distances from the crankshaft center it will be possibh* to line up 
the flange fittings very accurately to the crank juns and to sup- 
port the shaft in such a way that the crank pins will revcjlvc on 
the main centov line passing througli the latlic centers. This, of 
course, is essiuitial in order to maehino the shaft journal and crank 
pins true. 

After tile crankshaft is trued the next operation is to fit it to 
the main bearings or rather t() scrape these imunbers to fit the 
shaft journal. In order to bring tlie brasses closer together, it may 
be necessary to remove a little metal from the cdg(\s of the caps 
to componsfitc for the lost motion. A very simple way of doing 
this is shown at Fig. 136, D. A piece of medium emery cloth is 
rested on the surface plate and the box or brass is pushed back and ' 
forth over that member by hand, the aiuomit of pressure and 
rapidity of movement being determined by the amount of metal 
it is necessary to remove. This is better than filing because the 
<*d8res will be flat and there will be no tendency for the bearing 
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caps to rock when placed against the bearing scat. It is important 
lo take enough ofl' the edges of tlie boxes to insure tlmt they will 
grip the crank tightly. The outer diameter must be checked with 
a pair of ealijx-rs during this operation to make sure that the 
surfaces remain parallel. Otherwise, the bearing brasses will only 
grii) at one end and with such insuflicioTit siif^port they will quickly 
work loose, both iji tin.* bearing seat and bearing cap. 

Scraping Brasses to Fit. — To insure tliat tlie bearing brasses 
will be a good fit on the trued up crank pins or crankshaft journals. 



they must be scraped to fit the various crankshaft journals. The* 
process of scrai)iug, wliile a tedious one, is not diflicult, requiring 
only patience and some degree of care to do a good job. The sur- 
face of the crrink i)in is smeared with Prussian ))lue pigmejit which 
is spread evenly over the entire surface. The bearings are then 
clamped together hi the usual manner with the proper bolts and 
the crankshaft revolved several times to indicate tlie high spots 
on the bearing cap. At the start of the process of scraping in, the 
bearing may seat only at a few points as shown at Fig. 13(>, G. 
Continued scraping will bring the bearing surface fis indicated at 
1,11, which is a considerable improvement, while the process may be 
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considered complete when the brass indicates a bearing all over 
as at I. The high spots are indicated by blue, as where the shaft 
does not boar on the l)eariijg there is no color. Th(3 high spots are 
removed by means of a scraping tool of the form shown at Fig. 
136, F, wliieh is (‘asily made from a worn out file. These are 
forged to shape and ground hollow as indicated in the section and 
are k(‘pt properly siiarpom'd by frequent rub])ing on an ordinary 
oil stone. ''I'o serape j>ro})crly, the edge of scraper iriiist be 
very keen. 

Other forms of scrapers used hi niaeliining oi)eralioris are 
sliown at Fig. 137. The flat scraper A, is used for plain surfaces 
For ordinary use the blade is about -^ijj-ineb thick, about 1-itich 
wide and is drawn at the jxnnt to a tluckni‘ss of ab()ut 
The cutting edge is made as hard as possible. The liook semper 
15, is also used on flat surfaet's. Tlie straight ami curved half 
round scrapers shown at C and 1>, arc iiseil for bearings. The 
tljre(‘ cornered scraper outlined at E, is also used on eurT(‘d sur- 
faces and is of value in rounding oil; the sl'.avp corners. For 
scraping very large engine bearings, such as used for stationary 
work the two handle scraper shown at F, is valuable, though there 
are not many applications in automobile work where this type of 
t<jol is necessary. The straight or curved half round type works 
well on soft-bearing metals, such as babbit, or while brass, but on 
yellow brass or bronze it cuts very slowly, and as soon as the edge 
becomes dull considerable ])ressnre is needed to remove any metal, 
this calling for frequent sharpening. 

When correcting errors on flat or curved surfaces by hand scrap- 
ing, it iwS desirable, of course, to obtain an evenly spotted bearing 
wdth as little .scraping as possible. When the part to be scraped 
is first applied to the surface-plate, or to a journal in the case 
of a bearing, three or four “high’' spots may be indicated by the 
marking material. The lime required to reduce these high spots 
and obtain a bearing that is distributed over the entire surface de- 
pends largely upon tlie way the scraping is started. If the first 
bearing marks indicate a decided rise in the surface, much time 
can be saved by scraping larger areas than are covered by the 
bearing marks; this is especially true of large shaft and engine 
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bearings, etc. An experienced workman will not onlj? remove the 
heavy marks, but also reduce a larger area \ then, w^hen the bearing 
is tested again, the marks will generally be distributed somewhat. 
If the heavy marks which usually appear at first are simply re- 
moved by light scrapijig, these ‘‘point bearings’' are gradually 
enlarged, but a much longer time will be required to distribute 
them. 

The iiumlier of times tlio bearing must be applied to the journal 
for testing is important, especially when the box or bearing is 
large and not easily handled. Tlie time rcjqiiired to distribute the 
bearing marks evenly dep(*nds largtdy upoji one's jinlgmeut in 
“reading'' these marks. In llie early stages of the scraping 0 ]>cra- 
tioii, the marks should be used ])arlly as a guide for sliowing the 
Jiigli areas, and instead of merely scraping the marked s[»ot the 
surface surrounding it should also be nulucecl, unless it is evident 
that the unevenness is lo(*al. The idea should he to obtain first 
a few large but generally distributt^d marks; tlieji an evenly and 
finely spotted surface can be produc(id quite easily. 

In fitting brasses wJien these are of the removal)Ie. type, two 
methods may be used. The upper half of the engine base may be 
inverted on a suitable bench or stand and the boxes fitb'd by plac- 
ing the crankshaft in position, clamping down one bearing cap at 
a time and fitting each bearing iii succession until they bed equally. 
Prom tliat time on the bc^arings should be fitted at the same time 
so the shaft w^ill be parallel with the bottom of tiic cylinders. (Con- 
siderable time and handling of the heavy cranksliaft may be savt‘d 
if a preliminary fitting of the bearing brasKSCs is m ule by clamping 
them together with a carpenter’s wood clamp as shown at Pig. 
136, J, and leaving the crankshaft attached to the bench as sliown 
at C. The brasses are revolved around the crankshaft journal and 
are scraped to fit wherever high spots arc indicated until they 
begin to seat fairly. When the brasses assume a finished appear- 
ance the final scraping should bo carried ou with all hearings in 
place and revolving the crankshaft to determiiie the area of the 
seating. 'When the brassefe are i)roperly fittinl they will not only 
show a full hearing surface but the shaft will not turn unduly 
hard if revolved witJi the same amount of leverage as afforded by 
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the flywlieel rim or starting erank, all Ix'aring caps being properly 
bedded down and Inbriciitod. 

Bearings of while metal or babbitt can Jje fitted tighter than 
thase of bronze, ajid care nuisi be obstTvod in supplying lubricant 
as eonsidej-ably nu)re than the usual amount is necjded until thci 
bearings are nui in by several hundred miles of road work. Bc- 
for^^ the scraping i)roceSiS is started it is well to eliisel an oil groove 
in the bearing as shown at Fig. 136, L. Grooves are very helpful 
in insuring uniform distribution of oil over the entire width of 
bearing and at the same time act as reservoirs to retain a sux)ply 
of oil. The tool used is a round nosed chisel, the effort being made 
to eut the grooves of luiiform depth and liaving smooth sides. Care 
should be taken not to cut the grooves too deeply as this will 
seriously reduce the strength of the Ixairiiig bushing. The shape 
of tlie groove ordinarily provided is clearly shown at Pig. 136, G, 
and it will be observed that the grooves do not extend clear to the 
edge of the bearing, but stop* about a quarter of an inch from that 
point. The hole through which the oil is supplied to the bearing 
is usually drilled in such a way that it will communicate with the 
groove. 

The tool shown at Fig. 136, K, is cf recent development and is 
known as a ^‘craiiksliaft equalizei/' This is a hand operated 
turning tool carrying cutters wliieh are intended to smooth down 
scored crank pins without using a lathe. The feed may be ad- 
justed by suitable screws and tlie device may be fitted to crank 
pins and shaft journals of different diameters by other adjusting 
screws. This device is not liard to operate, being merely clamped 
around the crankshaft in the same manner as the lapping tool 
previously described, and after it has been properly adjusted it 
is turned around by the levers i)rovidcd for the purpose, the con- 
tinuous rotary motion removing the metal just as a lathe tool 
would. 

Remetalling and Fitting Connecting Bods. — Fitting and ad- 
justing rod bearings, especially those at the crank pin end, is one 
of the operations that must be performed several times a season 
if a car is used to any extent. There are two forms of connecting 
rods in general use, known respectively ns the marine type, shown 
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at Fi". ]:58. A, an<l Iho hinged form dopieted at Fig. ]38, B. The 
liitige tj'pc is the simplest, but one clamp bolt being used to keep 
tlic parts togetiier as the cap is hinged to the rod end on one side, 
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t^ntircly before the bearing can be taken off of the crank pin. 
The tightness of the l)rasses around the crank pin can never be 
determined solely by the adjustment of the bolts, a.s while it is 
important that these should be drawn up as tightly as possible 



Fig. 139. — Simple Lapping Tool for Ciank Flu and Method of Use. 


the bearing should fit the shaft w’itliout undue binding, even if 
the brasses must be scraped to insure a proper fit. As is true of 
the main bearings, the marine form of connecting rod has a number 
of liners or shims interposed between tlie top and lower portions 
oE the rod end and tliese may be reduced in number when neces- 
sary to bring the brass<‘s closer together. 
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In fitting new brasses there are two conditions to be avoided, 
these being outlined at Fig. 138, C and II. In the case shown 
at C the light edges of the bushings are in contact, but the connect- 
ing rod and its cap do not meet. When the retaining nuts are 
tightened the entire strain is tahen on the comparatively sUioll 
area of the edges of the busliings which aj’c not strong enough to 
Muthatand the strains existing and which liatten out quickly, per- 



Fig. 140. — ^Adjustable Center Latlio Dog and Crankshaft Supporting 
Flange for Use In Turning Crank Pins on Lathes. 

niitting the bearing to run loose. In tlie example outlined at D 
the edges of the brasses do not toncli when the connecting rod caj) 
is drawn in jdace. I^his is not good practice?, because the brasses 
soon become loose in their retaining member. In the case outlined 
it is necessary to file off the faces of the rod and cap until these 
meet, and to insure contact of the edges of the brasses as well. 
In event of the brasses coming together before tlie cap and rod 
make contact, as> shown at C, the bearing halves should be reduced 
at tbe edges until both the caps and brasses meet against the 
. surfaces of the liners as shown at A. 
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Before nssemblinjj; on tlic sliaft, it is ncieessary to fit the boarings 
by scraping, the same iiistnietions given for restoring the contour 
of the main Ixjarings a])plying just as wll in this ease. It is 
apparent that if tJie crank pins arc not round no amount of 
scraping will insure a true, bearing. A point to oijserve is to make 
sure that tlie heads of the bolts are imbedded solidly in their 
proper position and that they are not raised by any burrs or 



Pig. 141. — ^At A, Method of Supporting and Driving Crankshaft for 
Turning Main Bearings. At B, Showing Use of Crankshaft Support- 
ing Flanges when Machining Crank Pins, 


particles of dirt under the head which will flatten out after the 
engine has been run for a lime and allow the bolts to slack off. 
Similarly, care should be taken that there is no foreign matter un- 
der the brasses and the l)ox in which they seat. To guard against 
' this the bolts should be struck with a hammer several times after 
’ they arc tightened up, and the connecting rod can be hit sharply 
; several times under the cap witli a wooden mallet or lead hammer. 
/ It is important to i)iii the brasses in place to prevent movement, 
j as lubrication may bo interfered Avitb if the bushing turns round 
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anil breaks the correct register between the oil liole in the cap 
and brasses, 

Caro should be taken in screwing on tho retaining mils to 
ijisnro that they will remain in iilace. anti not slack olV. Spring 
washers should not bo used on either connecting rod ends or main 
I)earing boHSj Ijoeanse these sometimes snap in two ])ieccs and 
leave the nut slaek. The best method ol! locking is to use woll- 
liltiijg si)Ut pins and castellated nuts. Tu a number of the cheaper 
ears. the. blearing metal is east in ])laee In tlie conneifting rod lower 
end and in main b»*iirings, and is not in the form of nnnovable 
die cast bushings as are used on the mon* expensive cars. The 
tv]nnnnan who is called iij)on to replaci^ tiie hearing metal will 
find the following instnietions regarding ivinetalling bearings of 
value. TJkj metliod desm'ihed was used by the writer while in 
charge of a large shop when^ niueh work of this kind was done 
and while the insiruciions given apply sjjitifically to lining tiu? 
big ends of <*OTinecling rods, the same jiroeess may bo used sue- 
cossCiilly on any other liearings where the mandrel and eollars 
can bo used, the dimensions being changed to suit tiie requirements 
i>f the worker, 

Tn the case nienlioued the journals of the crankshaft were, tw^i 
iui'hes in diameter and the big ends <»E the connecting rods wore 
woin too much to allow of adjusting. A pii'ce of pipe about 9 
inches long was procured and luj-ned di.'wn in a lathe until it was 
a shade under 2 inelies in diameter, which made a hollow^ mandrel 
of it, A piece of steel tubing could have Ix'on u.secl to as good 
advantage bad any been available. As tin* oiiiaicle of the bearing 
caps were machined true a eonpio of set collais were bored out 
to be a good tit on the mandrel, and while still in the lathe they 
w'cre recessed out lo just fit ovm* the outside of the big ends, as 
shown ill sketch Fig. 4. One of these collars was placed on the 
hollow mandrel A, after which the mandrel was pushed through 
the big end, and. the otJier collar was put on the other side, insur- 
ing that the mandrel was as near center as possible for it to be. 

The assemblage is then supported on a couple of V-bloeks, whi<?h 
are supported on a lathe bed, the ends of the mandrel lying within 
the V's wdiile the connecting rod hangs between the ways. A piece 
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142. — Showing Simple Method of Bemetalliiig Oonnecting Bod Bear- 
ings at A, and Ways of Measuring Parallelism of Upper and Xfpwor 
Connecting Bod Beaxings at B and O. 
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of solid round iron or steel which will go inside of the hollow 
mandrel should be made red hot while the anti-friction metal is 
being melted and is pushed inside the mandrel to heat it. In a 
minute or two the metal may be poured in through B to fill D, 
and as the metal and the big end caps are well heated the molten 
metal will flow to every point. The heating of the mandrel can 
be just as well accomplished by directing the flame from a blow 
torch or Bunsen burner into the opening. After the metal is 
poured and has sot the whole may he easily cooled by running 
water through the mandrel or by directing a blast of air against 
the big end, as desired. 

Before the cap is assembled with the eoriiiecting rod several 
shims or liners of sheet brass or cov^j^er should be placed between 
them so that adjustment for wear of the new' bearing can be com- 
pensated for by the removal of a liner. As is eviilent, tlie thinner 
the liner and the greater tlie number used, the more sensitive the 
character of adjustment possible. 

The use of a hollow mandrel is to be preferred to a solid one 
because of the ease with wdiich it can ho heated and cooled. Vents 
should be made for the heated gases by grooving the face of each 
of the collars nc*ar<ist the big end and on the same side as the 
hole through wdiieh the metal is poured. If provision is not made 
for “venting'' the molten metal will not run uniformly and will 
become honeycombed. After cooling the bearing is either bored 
out in a lathe to the size of the journal or scraped to a fit by hand. 
The method of pouring the molten metal is clearly showm while 
the sectional view makes tlie construction and application of the 
mandrel clear. The same method may be used to xebabbitt main 
boxes except that a pair of collars will be needed for each bearing 
and a long mandrel used. 

Testing Bearing Parallelism. — It is not possible to give other 
than general directions regarding the proper degree of tightening 
for a connecting rod bearing, but as a guide to correct adjustment 
it may be said tliat if the connecting rod cap is tightened suffi- 
ciently so the connecting rod will just about fall over from a 
vertical position due to the piston weight when the bolts are fully 
tightened up, the adjustment will be nearly correct. As previ- 
jr 
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ously stalled, hfib))itt or white metal bcariiij^s can l>e set up more j 
tiglilly tliaii bronze, as tlio metal is softer and any high spots will 
soon be leveled down with tlie running of tlit^ engine. Tt is impor- 
tant that care be takeji 1o preserve parallelism of the wrist pins 
and crankshjiris while scraping in bearings. This can ))e deter- 
mine<l iii two ways. Tliat shown at Fig. 1*12, 13, is used when 
the parks are not in the engine assembly and w’liea the connecting 
rod bearing is being to a mandrel or arbor the same size 

as the crank pin. The arhor, which is finished very smooth and oT 
uniform diameter, is placed is two V l>l()cks, wiiieh in turn are 
supported by a. level surface plate. An adjustable height gauge 
may be tried, first at one side of tlie wrist pin which is i>laced at 
the ni>i)er vm\ of llu‘ c-onnecting rod, then at the other, and any 
variation will be easily delerminc'd by the <l(‘gi*ee of tilting of the 
rod. This lest iua,s be made with the wrist ])in alone, or if the 
piston is in pbu'c, a straight edge or s])irit lev('l may be emj)loye(l. 
The s|)irit level will readily show any inclination wdiile the straight 
edge is used in eonneetion with the height gauge as indicated. 

When the eoniu'ctijjg rods are being fitted with tlm crankshaft 
in place in crankcase, and that member secured in the frame, a 
steel .s(juare may be used as it is reasoinu)le to assume that the . 
wrist i)in, and eonscciuently the piston it carries, sliould observer 
a true relation with the top of the engine, base. If the piston side 
is at riglit angles ^Yit,l\ the top of the engine base it is reasonable 
to assume that the wrist ];in and crank jdn are parallel. If the 
piston is canted to one side or the other, it wdll indicate that the 
brasses have been scraped tapering, wliich w'ould mean consider- 
able heating and undue friction if the piston Is iastaHed in the 
cylind(‘r on aecount of the jiressure against one iiortioii of the 
cylinder wall. The height gauge inetliod shown above may be 
used instead of tlie .steel square, if designed, because the top of the 
crank case is planed or milled time and should be parallel wdth 
the center line of the crankshaft. 

On the new eight-cylinder V types of engines which are fitted 
on several models of 1915 cars the connecting rod design is dif- 
ferent from that ordinarily used, as it is sometimes necessary to 
have two rods working from the same crank pin. The construction 
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Fig. 14.3. — Sbowing Construction of Connecting Bod Needed with Eight 
Cyliudei V Engine Unless Carried Side by Side on Crankpins. 

follows very closely that used in motorcycle engines of the two- 
cylinder V form. Two methods of connecting rod arrangement 
are shown at Fig. 143. Tn the example at the top of the illus- 
tration, connecting rod A ’has a forked end which encircles the 
main crank pin bushing. These ends are of the usual marine 
type, straddling the big end of rod B, which is free to oscil- 
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late on the crank pin bushing. Care must be taken to fit rod 
A in such a manner tliat it will be clamped tightly around the end 
of the main crank pin bushing so that member will move in 
unison with rod A. The method outlined in the lower view uses 
a master or main rod A of the conventional pattern, excepting 
that a slotted boss is forged on one side of the connecting rod 
to take the lower end of rod B, which Innges on a suitable bear- 
ing pin. The crank pin bearing works in connection with main 
rod A just as in a fonr-cylindtT engine, and the point to be watched 
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Fig. 144. — Showing Practical Application of BaU Bearings for Crankshaft 
and Camshaft Support. 

for wear is at the hinge where rod B fastens to the main rod. 
The same method of fitting brasses that has been previously de- 
scribed in connection with tlio conventional forms of bearings apply 
just as well to the special type, though somewhat greater care will 
be necessary in fitting the yoke or forked end rod construction 
than is required with the simpler bearing subject to wear only at 
its inner periphery. 

Ball Bearing Crankshaft. — number of automobile engines 
utilize ball bearings for supporting the crankshaft as outlined at 
Figs. 144. and 145. While these bearings are usually selected so j 
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fore, is a simple one, consisting mainly of forcing off the worn 
members and forcing on new ones in their place. The method of 
bearing retention outlined is a common one. One of the bearings, 
in this case the rear one, has the outer race securely held against 
end movement in the retaining lionsiiigs, while the inner race is 
also tightly clainpecl around the crankshaft .iournal by means of 
a spacing washer and flange meuiber lightly pressed against the 
bearing iiiiKT race by a suitable clamping nut. The front main 
bearhig has only the inner race damped. The crankshaft timing 
gear scj’vcs to transmit the end pressure of the nut on the front 
end of the sliatt, wliich lias the starling dogs op ratchet forjne<i 
at one end. The id«*a of this is so that the pressure apiilied tt) start 
ti\e engine with tin; liand criuik will result in keci)ing the. claini)ing 
nut tight due to the leverage of the crank. Tlie center main 
bearing lias a floating ouior race just as the front bearing has. 
This means that neither of these Ix^arings will be called upon to 
resist end thrust and insures that they will be subjected to only 
iadlal loads. The inner ra<*e of the eentor main bearing is clamped 
against the siiitahle slioulder by a slit bushing whidi encii’cles the 
crankshaft and which takes up the space belweeu the bearing inner 
race and the eranksliaft w^cb. Most engines using ball bearings 
have crankshafts of the two bearing foruA, which means that the 
center bearing is eliminated and only the end bearings used. This 
construction lias been made possible by the almost universal prac- 
tice of casting four cylinders “en bloc/’ but the bearings are held 
in the same manner. The instructions given for the care and 
installation of ball bearings in the chapter on running gear com- 
ponents applies just as well to those used for crankshaft support. 

Camshafts and Timing Gears. — Knocking sounds are also evi- 
dent if the camshaft is loose in its bearings, and also if the cams 
or timing gears are loose on the shaft. The camshaft is usually 
supported by solid bearings of the removable bushing type, having 
no compensation for depreciation. If these bearings wear the only 
remedy is replacement with new ones. In the older makes of cars 
it was general practice to machine the cams separately and to 
^ secure these to the camshaft by means of .taper pins or keys. 
These members sometimes loosened and caused noise. In event of 
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the cams being loose, care should be taken to use new keys or 
taper pins, as the case may be. If the fastening used was a pin, 
the hole through the camshaft will invariably be slightly oval from 
wear. In order to insure a tight job, the hob's in cam and shaft 
must be reamed witli tlic next larger size of standard taper reamer 
and a larger pin driven in. Another point to watch is the method 
of retaining tlie canisliaft gear in place. On some engines the 
gear is fastened to a flange on the camshaft by retaining screws. 
These are not apt to become loose, but where? reliance is placed 
on a key the can'.shaft gear may often be loose on its supporting 
member. The only remedy is to enlarge the key slot in both gear 
and shaft and to fit a larger retaining key. 

If tlie camshaft is sprung or twisted it will alter the valve 
Hming to .siK'h an that the smoothness of operation of the 

engine will be malcrially aflVeted. If this condition is suspected 
tlu‘. crankshaft may he svMing on latlie eeiih'rs and turned to sec 
if it runs out. ajul can ho straighloJU'd in any (d* the usual form 
cf shaft-straigliteniug machines. The .shaft may be twisted with- 
out being sprung. This can only be determined hy sni»])orting one 
end of tlie shaft in an index head and the other end on a milling 
machine center. Tlie cams are then cheeked to see that they arc 
separated by the propc'r degree of angularity. This process is one 
that re<jnires a thonnigh knowledge of the valve, timing of the en- 
gine in question, and is best done at the factory wdicre the engine 
w’us made. I'lic timing gears should also be examined to see if the 
teeth are worn enough so tliat considerable back lash or lost mo- 
tion exists between them. This is especially inipca-tarit where worm 
or spiral gears are used. A worn timing gear n< t only produces 
noise, but it will cause tiic time of opening and closing of the 
engine valves to vary materially. 

Valve Timing Methods. — Among the irniiortant factors making 
for efficient o[)('ratioii of the gas or gasoline engine, especially 
of the multiple cylindei' type us(*d for automobile propulsion, tbere 
is none of more importance than proper valve timing. In a four- 
cylinder four-cycle motor there are eight of those members, two 
to each cylinder, the function of the inlet valves being to permit 
the cylinders to fill with gas while the exhaust valves open tu 



202 Automobile Itepainng Made Easy 

clear the cylinders of the products of combustion. The inlet valve 
usually opens when the piston is at approximately the top of its 
stroke in the cylinder, or during that portion of the engine cycle 
where the piston is starting to go down to draw in a charge of 
gas. This valve is opened a period equal to the dowiistroke of the 
piston, and sornetimoR more, but is closed during the succeeding 
compression, explosion and scavenging strokes. The operation of 
the exhaust valve is very much the same as the inlet, except tluit 
it is opened for a longer period, starting to open before the piston 
has completed the downward stroke produced by the explosion 
and is sometimes opened slightly after the end of the return or 
scavenging stroke. 

It is important that the valves open and close according to the 
timing inslruetions issued by the maker of the motor if maximum 
efSciency is to be obtained from the power plant. As the valves 
are operated by cams, which in turn are mounted on and driven 
by a shaft turning at half the crankshaft speed, the periphery of 
the flywheel rim may be utilized to indicate the valve timing of 
the motor by means of suitable marks which wdll register with a 
trammel or indicator point usually fixed back of the rear cylinder 
with the pointer exactly on the longitudinal center line of the 
engine. At first glance the marks on the flywheel may be con- 
fusing, but tliey arc easily understood if one considers the basic 
operation of a four-cylinder four-cycle motor and remembers that 
an explosion must take place in some cylinder for every period 
indicated by one half revolution of the flywheel. As the valves 
are usually timed to remain open a definite number of degrees 
measured by the crankshaft rotation, the timing may be accom- 
plished in two ways, that previously described by following fly- 
wheel markings or by noting tlio travel of the piston in the cylin- 
der with some form of depth gauge. Some manufacturers advise 
timing the motor by following the piston travel directly. Others 
make provision for this timing by marking the motor flywheel. 

In inarkijig a flywheel rim, one only needs to remember that 
every circle may be divided into 360 or more parts, though 360 is 
usually,. because it indicates in degrees, whereas the smaller 
subdivisions, which w'ould be in minutes and seconds, are not 
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needed. If the flywheel is not already marked, as might be the 
case if the maker followed the system of timing by piston move- 
ment directly, it is not difficult for any repairman to mark the 
flyw'heel rim if lie knows the points of openings and closing of the 
valve as expressed in degrees of cranksliaft travel. The first marks 
to make are the points at which two of the pistons are at the top 
of the strokii and two at the bottom. This is usually done by 
considering tlio cylinder nearest the radiator, or at the front of 
the motor No. 1 and tlie others in order 2, 3 and 4. The first 
mark made on the flywheel rim is when the jiisfon in cylinder 
No. 1 is lirought to the end of its stroke or tow^ard tlie closed end 
of th(j* cylinder. A point is prick punched on the flywheel to 
correspond with the pointer of the tramuiel or indicator. TJiis 
is called “top center” cylinders I and 4. Tliis may be abbre- 
viated as “T.C.1-4,” which is very eawSily iridicat(‘d on the iron 
rim of the flywheel witii ordinary steel letter stamps. The flywheel 
is then turned over a half revolution until the piston in Number 1 
cylinder is at the bottom of its stroke. Another point is then in- 
dicated on the flywheel and this is marked “B.C.1-4” which is 
an abbreviation for “bottom center,” cylinders 1 and 4, If, for 
example the inlet valve in number 1 cylinder opens fifteen de- 
grees after top center a distance is measured off on the flywheel 
rim equfd to a craidc shaft travel of 15 degrees. A line is then 
scribed across the face of the flywheel and this is marked “inlet 
opens” 1 and 4. If the inlet valve closed 20 degrees after bottom 
center the flywheel is rotated half a turn until the bottom center 
j line registers with the trammel. A suitable distance is then meas- 
ured off on the flywheel face from that point that wc uld be equal 
to a travel of 20 degrees on a circle represented by' the circum- 
ference of the flywheel. 

The rule for determining the amount of space to allow for a 
degree is not a difficult one to apply in practice. It is merely 
’^necessary to multiply the diameter of the flywheel in inches by 
a constant value, 3.1416, which remains the same regardless of 
diameter of the flywht?el, to obtain the circumference of the fly- 
wheel in HJchfis, This product is divided by 360, which gives the 
amount of space to measure off on the flywheel rirn for each dii- 
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i?ree. While the figuring is not diflicult, the result may be very^*^ 
([iiickly arrived at by reference to the accompanying table of angles 
and corresponding arcs which has been compiled by A. C. Wood- 
bury and printed in the Horseless Age. A conversion table is 
also appended which will be of value inasmuch as it permits the 
conversion of liundrodllis of an inch to sixty-fourths of an inch, 
which subdivision is more apt to be found on standard flexible 
scales used by American machinists. 

After liaving marked the flywlieel for the inlet valve, the next 
operation is to indicate the points of opening and closing for the 
exhaust valve of No. 1 cylinder. As a rule, the Qxhaust valve 
opens about 45 degrees ahead of the bottom center position of the - 
piston when tliat Tueiiiber js impelled downward hy the force of the 
explosion. Following the closing of the inlet valve, nearly two 
strokes of the piston lakes ])laee before tlie exhaust opens, one 
being tlie stroke corresj)onding to the eoinpression of the gas 
while the other corresponds to the downward travel of the piston < 
due to explosion prcssur(‘. The exhaust valve usually closes a 
few degrees before the inlet op(ins, though on some engines tlu' 
exhaust may not be fully (ilosed before the intake starts to open. 

A cross section view of a four-cylinder engine with the ^alves. 
located in the conil)usti(ui lieads is shown at Fig. 146, which also 
indicates the metJiod employed of marking the flywheel and gives 
the relation of the various strokes for the two most commonly used 
firing orders employed wdtii four-cylinder motors. The explosions < 
do not occur in eacli cylinder in the same sequence as the cylinders 
are numbered. An explosion in cylinder No. 1 is followed by one s 
in No. 2, then by one in No. 4, and lastly by one in No. 3, accord- 
ing to one method. In tlu', otlier the firing order is 1 — 3 — 4 — 2. 
In other words, the explosions must follow each other in cylinders 
1 and 2 or in cylinders 3 and 4, because in these one piston is up 
while the other is down. 

('onsitieriijg the firing order first named, if an explosion hf 
taking place in cylinder No. 1 driving the piston dowiward, the 
piston in cylinder No. 2 is compressing a charge as it is moving 
upward, that in No. 3^ which is moving in the same direction as 
tlu^ piston in No, 2, is expelling tlie burnt gas,* and the piston: in 
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\ 4, whicli is moving down or in the same direction as piston 
. 1, is drawing in a charge of gas. At the comi)l(5tion of the 
xplosioii stroke in cylinder No. 1 the positions of tlie pistons is 
the reverse to that shown in the illnstratioii, i.e., pistons in No. j 
ami No. 4 are at the open end of the cylinder, whereas those \r, 
No. 2 ajid No. 3 are at Die top or closed end. 



Fig. 116. — Explaining Method of Timing Valves and Marking riywheel 
of Four Cylinder Motor. 

AVhen piston No. 1 .starts to go up again it will be f< ^ .g out 
burnt gas due to the previous explosion. That in N J, which 
reached tlu* top end of the stroke just after compressing the 
rge, is subjected to the explosioji ; that in No, 3, which moves 
the same direction as piston No. 2, and which lias just cleared 
the burnt gas, is drawing in a fresh cliargc, while piston No. 4 
moving tow7ird the top of the cylinder, compressing the gas 
' '•(id during the preeeding downward stroke. The reniaindor 
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Fig. 147. — XustTuctions Given hy the Locomohilc Company for Valve 
Timing of its Various Early Models. 


of llio 0 ])(*rjit inns iiiii.v roiuiily fnlhjwiMl Ijy tlu' rciuL'r hy shidy- 
ing’ iho illustrations and tlu‘ explanatory enntcxi. 

M Kig. 147 tiui system of valv<* timing* eTn[)loyed on several 
nnulels of the ljoemu<»l)ih‘ ears is elearly outlined. At 1li“ toj> \l 
poinis of opening and elosiiig td thf* valv(‘S in the lioc'omobil* 
AlodC'l fj, as measured by j)islon travel, ai‘e depieled, while tiie 
bolloni series shows tlie timing of the models It and 'SI for a ['eriod ^ 
y, 
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oi* years. Ft wiJi bo a])|)aroiil Dial it would not b(‘ dilTH'uil to 
rnoasuro tlio piston Iravi'l by iiisortinj^ a soil able d(‘ptli 
lliroUf»li a pt lcook at the ttjp of tlu* c'vliiulrr, so a roil or win* 
could bo enipJoyod to follow llio |)iston iiuA'oinont. 

^ At HS till! valve tirnin^r i)f tlio Ovorbuid motor is 

oullinod, tills showing llio method of indieatin^ the i)oin1s on liie 
liy wheel rim, and also tlu' amount of Iravc*! of Ihe eranksliaft lo 
eoiiform lo the nnml»er of deo^rees opi'iiin^- and ch^siiijir of th* 
\alve. Tin* iiiai’ks on the liy\\h(‘el ami th(‘ir meaning follows: 

1-4 Up iTM'jiiis; r^Iindors 1 :iti* 1 4 aro in tlu*ir p<i‘'ilif>n. 

-■.1 Up nie.'ms; r\linrlers 1? ronl a nr«* in fln»ir iippt'nimst (inxitinn. 

1-1 10 MicuTss: iiilol \:ilve ot oyloulor 1 nr -I oiumis 

1-4 I lnl<o vjiU e ot rvliiidiM 1 or 1 ( iosrs. 

J-4 UO iiK'jnis; eNlinuHl vaho of rylin-lci J vr I o|u 
1-1 t]-r nn*;ni'^: rxIiMiist v'llvn of ('vhinlor 1 or i clo'-o.-^ 

^ 'J ') l-f) tnojuis- iiili*; \mIvo oI’ <'\lin«l.'*r ii oi .‘I ojuns. 

li-Ij 1 nn*Jiiis: inlet >'alve of i vliinn r L* oi .‘i • lo.sos. 

UO ni(‘niis; exliausl. \ alvi* *»f <'\Jinil<T - <■» o <»|M‘n-. 
l! I'] (' inOMiis- j'^liaust \nKr of r\lin«{<i '2 or .5 eloso^. 

y. To determifie when (lie seltinjA llie valv(»s is correcl proceed 
as follows, beoinnin.u' with <*ylinder No. 1; First open llu* j‘viminj 4 ' 
t'oeks over all exhaiisl Aahes to relieve the ('oinjH'i*.ssl<in ami to 
mak(‘ tlywlieel rotation easier. Seeond, linn tin* flywlieel lo tlu* 
left iinlii the* mark 1-1 Fp is in liiu* witli the pimeh( cl aiiide mark 

Itn No. 4 cylinder. Fistons X(‘. 1 and No. d a»e now at their 

■ hifih(*st ])oints, or on upper (h‘a(l (*(‘nler. About ^ l | ineli to tlu^ 
ri^ht oi' the maik one will noliee aiiollier indieal on, 1-4 I 0. 
Turn th(‘ Hywhec'l (o the h*fi until lliis nnnk is lined np with liie 
jtnncli mark oji (‘.vlimler. At this [mint the inlet valv(' of either 
cylinder No. 1 or eylimler No, A should hejjfin lo lift. If llu* lift 
shonbl oeeiir in eyiiml.*]' No. 4. turn tlu* flywheel one eomyileU^ 
'T'evolulion unlil llu* marks 1-4 I () a^aiii a])])ear on toj) and in 
line with the ^iiide marks. Now feel of the inlet valve lift [diinirer 
of eyliiuh*!* No. 1, which slundd be* in eontaet w’itii tlu* inh't valve, 
stem, and furtiu-r rotation of ?he rlywlu‘el to the left slionld beti'iii 
lo i)r()dnee a lift of Die valve, which juay be* observed by 

'"ialehing the upward movement of the valve stem. Thii-d, to dc- 
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tcrmihe the closing point of the same inlet valve turn the flywheel 
a little more than half a revolution until the mark 1-4 1 C appears 
on top and registers v-ith the punch mark on the cjdinder. With 
the flywheel in this position the inlet valve should be closed, and 
after very sliglit movement of the flywheel to the left there should 
be enough space between the top of the valve plunger and the inlet 



Fig. 148. — How the Overland Four Cylinder Motor Valves are Timed. 


valve stem fo insert a thin visiting card. At the Overland fac- 
tory this space is measured by a gauge exactly twelve thousandths 
of an inch (.012) thick; this clearance is necessary to compensate 
for the expansion of the valve stem when it becomes hot during* 
the operation of the engine. The exhaust valve opening in No. 1 
cylinder is then gone over in the same manner. After the point 
where the inlet valve closes the flywheel is turned half a turn until 
the mark 1-4 Up comes to the top. Turn the flywheel to the left 
until a mark indicated by 1-4 E. O. registers with the punch mark 
in the cylinder. To determine the point of exhaust valve closing 
turn the flywheel to the left for 'a space equal to 241 degrees 
measured on the flywheel rim wli^re a mark will be found indi- 
cating the point of exhaust valve closing, which will be 1-4 E. C. 
In order to imable the repairman to judge the amount of distance 
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“measured on the flywheel circumference corresponding to llie num- 
ber of degrees valve opening the following tabulation is given : 


Motlffl ()0 Model 71 


Diameter of flyvvlioel 17 in. 18 in. 

Inlet valve opens late 1^4 

inlet valve closes latt* 

Exhaust valve opens early ^^^2 7i%4 

Exhaust valve closes late 


The same instructions apply to 1915 four-eylijidiu’ motors. 


Gboi Shaft Gaai 


Ganarator Gaat 


on Filler and 
Breather Pipe 


InapactloB Plata 


Water Pump and 
Maftueto Gaar 



Valve Adjuat- *<7 
mane Lower 'jjl 


Fig. 149. — ^Method of Timing Valves of Overland Six Cylinder Motor 
and Adjusting Valve Gear. 
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Remeshing^ Overland Model 82 Time Gears. — A cross shaft on^ 
front of the motor opt'rates the f^enorator and pump shaft. This 
shaft is driven by a bronze gear keyed to tlic front end of the 
crankshaft. The gear at the extreme left of the cross shaft (Fig. 
14!)) or right hand side of the motor drives the generator shaft. 
The second gear from the hd‘t of the illnst ration drives the cam-.' 
shaft. Tiie g(‘ar at the right of the cross shaft driv<‘s the piimii 
and magnelo sliaft v’hich. like the cam and generator shaft, runs 
l)arallel to lh(‘ erankshart. When lliesc* have been taken apart and 
.are to he reasseiiibh'd, follow these dii-eelions: Turn the Hywhec*! 
inilil ]>istons 1 and fi are on upper dead cmiter, with No. 1 just 
compleliiig ils compression stroke and rt‘ady to lire. On keying 
the <lriving gi'ar to the ei-ankshart, make sm‘e that the straight 
mark on the top of tin* gear is lined up with the bottom face of 
tlic cylimler easting. 

Through thr ins[)o<*tio}i plate you will notice a straight mark, 
hmgthwise. of tin* cross shaft. This mark nmsi liia* up with a 

corresponding mark on the faeo of the inspection plate. Lin- 

ing up th(‘ shaft, of ('ourse, anlomatieally bi’ings the four gears 
keyed on to tlie shaft in tlieir proper positions. Now it is only 
Jieeessary to assemble the three* driven g(‘arK so that Die arrow 
punched on the face line with the eor responding mark on the 
housing. 

Timing the Valves. — This, too, is an operation which should 
bo undertaken with caution and carried out with accuracy, and 
by a person competent to do such work. Tlui rim of the flywiicel 
bears at various points the following marks: 

1- G D-C moans: pistons of cylinders 1 and 6 arc in their utmost position. 

2- 5 D C means; pistons of cylinders 2 nnd 5 arc in their utmost position. 

3- 4 D-C means: pistons of cylinders 3 and 4 are in their utmost position. 

1-6 J'O moans; inlet valve of cylinder J or 6 opens. 

1-6 1-C means: inlet valve of cylinder I or 6 closes. 

1- G li-O means: exhaust valve of cylinder 1 or G opens. 

]-6 E-G means: exhaust valve of cylinder 1 or 6 closes. 

2- 5 I-O means: inlet valve of cylinder 2 or -5 opens. 

2-.0 I-C means: inlet valve of cylinder 2 or-5 elo.scs. 

2-5 E-0 means: exhaust valve of cylinder 2 or 5 opens. 

2-5 E-C means; exhaust valve of cylinder 2 or 5 closes. 
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^4 1*0 moans: inlet valve of cylimlor 3 or A opens. 

■14 1-C iriesiiis: inlet \alvo of eyliinler 3 or 4 closes. 

14 K-O means; exhaust valve of eyliiider 3 or 4 opens. 

I 4 means: exhaust vahe of eylinder 3 or 4 closes. 


The iiiotdr (ylindcM-s are iiuuihered 1, 2. 4, 5, 6, jiumber 1 

tlu' eyliiidor iieur tlie r;ulialt»r and iiunibor fJ tlu; nearest 
ilie clasli. Cylinder iiiunber 1 lire.s first, niiinbcr n next, tlien niirn- 
bei'S 2 jiTid 6, then 2 and I-. 'Phe timing nl* the valves is, perhaps, 
hesl nnderslncid hy ret‘erene<' to the diagram. It will hi* seen 
that the intake valve o])(‘ns wlien the tly wheel is 7° 54' past 
iippei* di^ail (-(‘liter and closes avIh'ji it is 110“ 6' past the lower 
(lead (-eiiii’r. Tlu* eJianst. valve opens 41“ 2' l)('rore the lower 
(ii‘ad eenler and (-loses again -I' 51' [»as1. Uj>p(T dead eenter; thus 
lh(; inh'l. valve opens and elo.s(‘s late, wIktoos the exhaust valve 
opens eaily and (-loses lale. 

The dywlieel In ing ITjij im-lus in diam(‘l(‘r, the following 
table gives tJie nu‘asureim.‘nls in imdies of the valve operation when 
laid out on the rim of* the ll. y wheel ; 


DiamoOo* of llywhof*! IT)',^ ir.^h 

Inlet \al\<‘ opens hito 1.07 inch 

Inlet valve closes lalo 4.07 inch 

Exhaust valve opens early 0.59 inch 

E.xhaust \al\o closes lale 52 inch 


To di*leriiiiii(‘ wlicdher setting of the valves is correct, pro- 
ceed as follows, beginning with cylinder number 1: Open the 
l)riming cocks over all exhaust valves, to make the turning of the 
flywheel easier. Turn the flywheel to the lef until the mark 
1-6 D-C is in line with the guide mark on number 6 cylinder. 
Now pistons 1 and 6 are at their highest points in their cylinders, 
or on upper dead center. About 1.07 inches to the right of mark 
1-6 D-C you will notice the mark 1-6 I-O. Turn the flywheel to 
the left until this mark is lined up with the guide mark on the 
motor. At this i)oint the inlet valve of either cylinder 1 or 
cylinder 6 should begin ^to lift- If the lift should occur 'in 
cylinder 6, turn the flywheel one complete revolution, until the 
mark 1-6 I-O again appears on top .and in line with the guide 
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mark. Now watch or feel the inlet valve stem of cylinder 1 ; it 
should just begin to lift from its scat. 

To determine the closing point of the same inlet valve, tnni 
the flywheel a little more than a half revolution, until the mark 
1-6 I-C appears on toj). With the flywheel in its position, tla^ 
inlet valve should be closed and there should be just enough space 
between the top of the valve-lifter and the valve stem that a thin 
visiting card can be jdaced between them. At the factory stem 
and lifter are set so that the distance between them is exactly 
four tiiousandths of an inch; this clearance is necessary to com- 
pensate for the expansion of the valve stem when it becomes hot 
during the operation of the engine. 

If adjustment is necessary, loosen the lock-mit on the top ol* 
JJio valve lifter bracket and screw tlie lower nut up and down, 
as shown in B, Pig. 149. If the play bet ween valve lifter ami 
valve stem is too great, the result will be noisy oi)eratioii; il’ the 
adjustment is too close, the valve may be prevented from seating 
fully. Next, test the exhaust valve, again bringing 1-6 I)-C to 
the top, and turning the ily wheel to the left until the mark 1-6 
E-C appears in line with the guide. After you have test(‘d I he 
closing of the exhaust valve of cylinder number 1, test its oj)eniiig 
by revolving tlie flywheel until the mark l-(5 E-0 comes to the ti)p. 
#Theii go carefully over llic valves of eylinders numbers (>, 2 and 5 
and 3 and 4. A slight variation of the flywheel markings to the 
right or left of the guide mark is permivssible, hut it should not 
be greater than a quarter of an inch. 

There is hardly a repair .shop in the world that will not Jiave 
occasion to time the valves of a Ford motor. The firing order is 
1 — 2 — 4 — 3 and the point of valv(‘ openings arc clearly indicated 
in diagrams at Pig. 150. These show the points as measured di- 
‘rectly by the piston travel and m^ed no further explanation. 

Marking Offset Cylinder Motor.— The instructions given for 
. marking flywheels apply specifically to those engines in which the 
center lines of the cylinder and crankshaft coincide. If tliere is 
%<> offset the flywheel is marked from upper and lower dead cen- 
ters, which also indicate the top and bottom positions of the 
pistons in the cylinders. With an offset craukshafl, the flywheel 
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Fig, 150 . — Methods of Timing the Ford Four Cylinder Motor. 

is marked at the upper vertical point by the angles laid off from 
that position of the piston, connecting rod and crankshaft which 
brings the three centers j<ito line, i.c., the ])iston pin center, the 
crank pin center and the center of the crankshaft bearing. The 
reason for this is that with the piston at its highest point aa 
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indicated by tlie usual nietliod of finding n]il)er eiMiter l)y si‘t- 
liiig the connoetiiip: rod vertu*ally iji the npiiei* position, a slightly 
further movement of I lie erank whieli Avill brin*.^ tlie, tliree <*.en- 
tors into lino will raise it a small amount further, this biller 
being tlie True ])oijit of upper d(‘ad emilor. Similarly with the 
lower eeiiter when the eoiineeling rod is at its low(‘st ])oiTit and 

starts to )‘is(‘ slightly, 
the ])iston is not at its 
lowest iu)iMt and the 
movement past eeiiiin*, 
until thi‘ three renter 
juiints mentioned c*omi‘ 
into line, will eou- 
tium* to draw the [lis^ 
toil downward a slight, 
though measurable, 
amount. In the illus- 
tration, Ifig. ir)2, the 
(‘our siages of timing 
o(T S(‘t engines art? 
shown. The propor- 
tions of this motor 
have been exaggerated 
to some 0 x t e n t to 
clearly bring out tiie 
])oints involved. Tlu- 
Fig. 151. — Diagram Showing Flywheel Marking c*ye.le id the engine is 
on Overland Six Cylinder Motor. folio W(m1 111 rough by 

the diagrams in proper 
soquenc(\ this being inlet opeuiug, inlet closing, exhaust open- 
ing and exhaust (^losing. In these diagrams tin* timing used 
is: Inlet opims at 8 degrees past the upper center; inlet closes 
at 26 degrees past the lower center, making the total inlet open- 
ing 198 degrees; exhaust opens at 46 degrees })efore lower een- 
"'ter, exhaust closes at 5 degrees jiast npf^^r ci^jiter, making the total 
exhaust opening 281 degrees. If the engine timing differs from 
this and the flywheel is not marked, with the points of opening 
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Fig. 152. — ^How to Mark Flywheels of Engines Having Offset Cylinders. 
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V 

and closing given, it Avill not be difficult to mark the flywheel rim, 
though this is a job that must be carefully done. To simplify 
the explanation, we will assume that the motor timing is the same 
as indicated. The method of procedure is as follows: First, place 
the engine in a suitable i>osition to work on and I’emove the loweiv, 
half of the crankcase. Turn the crankshaft over slowly until the 
upper end of the connecting rod reaches the top point, then turn 
still more slowly, until the three centers are brought into line. 
This wdll be a somewhat difficult job to handle, but with care, as- 
sisted by tlie more usual method of placing a pointer in the top of 
the cylinder, resting on tlie piston, and movingaip and down wdth' 
the latter, this can be accomplished. Having the center, lay a 
straight edge across the crankcase lower edge, and set a protractor 
or other angle measuring device to the exact angle between tliis^ 
and tlie checks of the crankshaft. Now, take this protractor olf, 
note the angle, and then add to this the angle of the inlet opening,'* 
eight degrees as above. Set this back on the straight edge and 
turn the crank until the cheeks coincide with the new setting of 
the protractors. Then mark the upper point of the flywheel with 
the initial letters T 0, to indicate inlet opening. It is well to mark 
lliis at the time the work is done with prick punches which can 
be remedied afterivard, scribing a line clear across the flywheel 
and then putting in the letters or the full w^ords if desired. 

Find the following lower dead center and mark the flywheel 
for that in tlie same manner. Then, nearly a full turn is neces- 
sary before the next lower center, from wdiich the angle of the , 
exhaust opcuiing must be subtracted, this calling for a backward 
movement. No trouble need be experienced in the final exhaust 
closure point. In the sketch the marking is indicated to go on 
the center of the flywheel, that is, directly above the center line 
of the crankshaft. This is not necessary, the marks may be put 
anywhere desired, on the cylinder center line or elsewhere. A 
pointer of sheet metal should be made and fastened on the engine 
case somewdiere, preferably under the nuts of the rear cylinder 
bolts, Sf) as to point to the marks. 

Two typical valve timing diagrams, one for a four cylinder 
engine having a flywheel diameter of indies, the other of a six^ 
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Fig. 153.— Typical Valve Timing Diagrams for Four and Six Cylinder Engines. 
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^■yliuder engine are given at Fig. li)3. In the diagram at the 
left, whieli is that of a four cylinder motor having a firing order 
of 1 — 3 — 4 — 2, the points of valve opening and clasing are not only 
indicated in degrees but also by the equivalent dimensions measured 
on the flywheel ix'j-ipluu'y. In the six cylinder engine diagram 
shown at the right tlu? points are indicated measured in degrees.^ 
In studying tlie table presented, it should be remembered 
that ther(^ are many conditions upon which valve timing depends, 
and a foniinla correct for one motor would not necessarily be 
satisfactory for another of the same size. In all cases, the inlet 
valve ojiciis after the piston has reached the end of its exhaust 
stroke, the lag depending upon the size of tlie valve, shape of cam 
and motor speed desired. Most designers do not ope*n the inlet 
valve until the exhaust is fully closed, hut there are some who al- 
low the valves to overlap; that is, the inlet valve starts to open 
before the exhaust is fully closed, it should be remembered that 
exhaust closing and inlet opening occur approximately after that 
point in the cycle where the piston reaches tiic end of its second 
111 ) stroke. The inlet valve closes after the bottom of tlie suction 
stroke is reached, good practice being a lag of betw*eeii 30 and 40 
degrees crank travel. The exhaust valve opens before the piston 
reaches the end of its down stroke under the influence of the ex- 
plosion. The lead may bo as-liigb as GO degrees crank travel be- 
fore center, but this is an extreme case. Good average practice is 
covered in the range between 40 and 45 degrees lead. 

The reason for having the exhaust valve closing and inlet valve 
opening overlap is that this takes advantage of the momentum of 
the exhaust gas and results in clearing the cylinder more positively 
than if the valve closed absolutely on eiuiter. During the final 
period of valve closing but little apace is present for the escape of 
gases. If tlie valve closed positively on upper d**ad center, the area 
of tlio port or passage would be small for an appreciable upward 
movement of the piston when it llear(^d the top of its stroke, and 
more inert gas would be retained in the cylinder than if the valv(‘ 
was closed after the ]fiston starts down^on tlie intake stroke. 

The following table outlines the valve timing of a number of 
standard American automobile motors. 
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VALVK TIMING OF SOME TYPICAL AMEUICAN CARS 
FROM S.A.E. DATA SHEET, No. 53, VOL. 1 


Car 

InLak^^ 

Op<‘n» 

Dor. Min. 

Intake 

Closes 

Min. 

Exhaust 

Opens 

Dog. Min. 

Exhaust 

Closes 

Deg. Min. 

Abbott, :i4--40 

11 .;(o 

19.13 

4,5.18 

11.30 

U-50 

17.. 5,3 

39 35 


8 20 

(’jiililliu-, UJU 

4.30 to 14.30 

.■}« ‘iC 

31.31! 

7.00 

( asc, 40 

13 m 

.30.00 

so 00 

13.00 

(’hi! liners 

13.00 

33 . 00 

55.00 

12.00 

(’h;nullt‘r Six 

ILOO 

.39.00 

40. »0 

. 12.00 

f'hovrob^t C 

13 00 

49 00 

47 00 

9.00 

('Iiovroirt [1-3. II-4 

IG IS 

5».0S 

27. 13 

14. OG 

Fi'ijiikliii. M No. 4 

s.oo 

,33 (Ml 

51.30 

17 00 

llavru's, 3()-37 

5.00 

35 . (M) 

47.00 

2.00 

Ilavncs, 38 

.5.(H) 

3.5.00 

37.00 

2.00 

lIii|)iiiobil<% 33 


38 (iO 

40.00 

10.00 

tfacivson, mit 

1.5 00 

,38 00 

4.5.00 

10.00 

Ji'fforv', ()-9(> 

18.00 

40 00 

47.00 

15.00 

JolFiirv. 1-93 

18.00 

40.00 

47.00 

1.5.00 

Kin?? 15 

i 0 U 

30 38 

33.10 

5.00 

Lewis Six 

1.5 00 

30.00 

45.00 

5.00 

Lvons-Kiiiftlil 

10.00 

40 00 

00.00 

oil 

Maxwell, I 35 

! 5.00 

10.00 

35.00 

on 

Maxwell. 4-35 

■ G.OO 1 

33.00 

43. (K> 

6.00 

Moon, Six 50 

: 10.00 1 

38 (Ml 

40 00 

2.30 

Moon, Ffiup 43 

i 14.00 j 

31.00 

31.00 

31.00 

DUlsmobiie, .54 

1.5.00 ! 

,38. (K) 

45.00 

10.00 

Piiij'e Detroit. 3(i 

9.M) 

33.30 

41 .50 

11.40 

Paijjo Delniit, 3.'5 .... 

! 9.10 

33 3.5 

40., 30 

12.00 

Pathliiiilei' Little G 

10.00 

38.00 

40.00 

2.30 

Reo 

18.00 

30. (K) 1 

.53. 30 

14.00 

Siieeilwell, A.H.C’ 

10.00 

38.00 

40.00 

2.. 30 

Velio 

7.00 

30.00 

43.00 

12.00 

VuK'jin 

1.5.00 

.30 (10 

45 00 

10.00 


Wlieii the spjico beUvot'jj tlio t;i1vo stem sn d the valve lifter 
is more than it should h(3 tliero are two iiiethocLs of compensating 
for this depreciation. On many small motors no adjustment is 
provided betweciii the valvx' stem and the valve stem plunger. The 
makers of llu; Ford car advise drawing the valve stems out until 
the proi)er space exists hetween the push rod and the stem. It is 
important when drawing out the stem or lengthening it not to bend 
the valve stem, as this wijl result in the valves sticking, or in any 
event the horo of the valve stem guide in the cylinder wdll be 
worn unev(.‘nly. Tlie clearance between the pushrod and the valve 
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stem should never be greater than ^32 -incli nor less than ye 4 iiieh. 
If too much clearance is present the valves will open late and 
close early. If the clearance is less than tlie miriirnum lliere is 
danger of the valve remaining partially open all of the time be- 
cause the valv(‘ stem lengthens, due to expansion ])roduced by the 
lieat of the explosion. AYhen it is m'cessary to draw down a valve 
stem tiiis should be done hy peening it for about 4 'i -inch above 
the pinhole or key slot. 

It is not a difficult matter to set. the clearance exactly as it 
should be on those types of engines rirovided with an adjustnient 
scrcAV which may be raised or lowered in the valve plunger oi* in 
forms having fiber inserts in the top of the valve jd linger. These 
inserts arc utilized to silence the valve action ajid may be easily 
removed and replaced with m\w ones when worn. A simph' and 
cheap accessory that eaii be obtained on the op('n market can he 
; used to adjust llie eleavanee on Ford and similar type* motors. 

. This consists of a nuniher of stamped steel enps tluit can h*** ])nsli(Ml 
on the low'cr portum of the valve stem and a minilier of thin steel 
washers to be interp(»sed inside of the cup and between llie bot- 
tom of tliat. meinber and the end (‘f the valves sltun to i*(*gulate 
' the clearanec as desired. 

Sleeve Valve Motors. — A number of antomohile manufacturers 
have adopt(*d the Knight sleeve valve motor as a jiowor jilant. 
The Sana* inslrnctions that have been given regai-ding the time of 
opening and closing of the valves of other jnotors also apply to 
this form in a limited degree. The only possiliiliiy of losing the 
timing on tlie sh*eve valve motor, which is shown in .section at 
Pigs. 154 and 155, is by faulty setting of the sleeve oj)eratiiig 
eriUiksliaft, in its relation to the'inain crankshaft. If the timing 
is altered by depreciation of the la^ariiig in tlie sleeve operating 
links they may be riffitted ; tlu! hnver or rotating bearings which 
would be more apt to wear than the uj)per or oscillating hearings, 
are of tlie same marine pattern as is generally used in the main 
.connecting rod. Tin's meaiis that any depreciation may be reme- 
died by fitting the bearing caps closer to tlie connecting rod and 
|scrai)ing or I’oaming to fit. 

\ In order to show clearly the appearance of the various ])art.s 



Sleeve Valve Motors 


311 



Fig. 154. — Sectional View of Knight System Sliding Sleeve Valve Motor 
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of ihe sUvve valvo Tiioelmnisiri tlio viows at Fijr. are presented. 
At A, the cylinder heads which have just been nuiioved from the 
eylhider block B, a!*e depicted. The conii(‘e1iTi^ rod, piston and 
the two sleeve valves in one assembly just as it is removed from 
• the cylinder interior is 

sliown at C. The pis- 
ton and connecting rod 
removed from the in- 
terior of th(‘ inside or 
long .sl(;eve is sliown at 
B, tlie inside or long 
sleeve is outlined at Fj, 
and the short sleeve is 
shown at F. It wdll be 
appareut that the gas 
passag(‘s which are in ■ 
the form oL* slots cut 
into the upjier portion 
of the sleeve walls an^ 
not apt to change in 
size exee[)t the very 
.small amount due to 
tliij deposit of carbon 
in the port openings. 
Obviously they may be 
restored to full size by 
scraping away that ma- 
terial. 

The illustrations at 
Fig. 157 will show' 
clearly the relation of 
tile twv> sleeves and 
the cranks operating 
them, while the scries 
of views at the right 
will show the way the 
various ports register 



Fig. 165 .<^Showing Application and Method 
of Operation of Sliding Sleeve Valve. 
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to pvovido a clear passage for the ingress or egi*ess of the gas(?s. At 
A, the piston is shown at top center, the exhaust ports liavc just 
closed and the inlet ]X)rts arc just a})Out to register aud permit the 
gas to flow into the cylinder as tlie piston descends on its suction 



stroke. At 1>, the ])i.st()n is seen nearing the end of its stroke aud 
tlie inlet port is fully o])en. The (‘xhaust port is completely closed. 
At C, is shown the end of the intake stroke with the inlet ports 
just closing. The view at D, shows the piston at the end of its 
compression stroke with both inlet and tixiiaust ports closed. At 
E, the piston has gone down the greatm* portion of its power stroke 
and the exh.iust openings in the inlet and outca sleeves are just 
beginning to meet and register with the exhaust outlet port in the 
eylinder. At F, tlio exhaust port is about half open, at C, the ex- 
haust port is fully open. The piston and erank position at TI, in- 
dicate the closing of the exhaust f)ort. The inner and outer sleeves 
therefore, cannot vary in tiniing which is determined hy the dis- 
position of the thi'ovvs on the sleeve operating crankshaft. If for 
any reason the proper rola+jon of rotation between the main crank- 
shaft and the meuiher opi?rating the sleeve xalves is lost one may 
begin at cylinder No. 1 and time the engine iji somewhat the same 
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Fig. 157. — Operation of Kziiglit Slide Valve Motor Showing Action of Sleeves for Opening and 

Cylinder Ports. 
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manner as the poppet valve motor is lim(?d. The instructions given 
for setting the sleeve valve of the Lyons-Kniglit motor are: the 
intake opens 10 degrees after top dead center and closes 40 de- 
grees after the bottom dead center. The exhaust valve opens 60 
degrees crank travel before tlie 2 )iston reaches the end of its power 
stroke and closes on dead center. 

One i)oculiar point about the sleeve valve motor in which it 
differs radically from the poppet valve 1y])e is that the carbon 
deposits which arc very detrimental to j)roper pop])et valve opera- 
tion are said to he acinally beneficial to the operation of sleeve 
valves beeause the carbon on tlic sleeves lias a certain lubricating 
value. Instead of (‘iideavoring to ])revcrit carbon aecumiilation all 
sorts of expedients arc tried in the various jdaiits where sleeve 
valve motors iU*cj manufactured to assist carbon aecnimilalioii. Mr. 
Charles Y. Knight the i?iv<*nt()r of this type of motor writes as 
follows regarding the formation and utility of carbon in sleeve 
valve motor operation : 

“Providence seems in the case of the sh'ove valve to deposit the 
caj*])on just wliere it is required, rectifying any small errors in 
clearances or adjustments or small ring leakages which may liavo 
crej)t into tim construction. And the user is advised to be most 
car(‘ful about its removal — not to interfere with the deposit unless 
through some extraordinary conditions the character of the ac- 
cumulation partakes of the sealc-like formation wJiieh upon severe 
use of the motor becomes incandescent, as show^ii by its ])rown color 
and projecting seale-like form. Happily, such scale is seldom en- 
countered, and wlien it may have formed as a result of the Ciause 
described, tlie user is advised to remove it, not with the use of 
a fharp-edged metal tool, hut by employing a coarse, rough piece 
of fabric, which when rubbed heavily upon the surface to be 
cleaned, wiil serve to carry away the loose flakes, which could 
possibly cause self-ignition, without exj^osing the polished surfaces 
of the head and piston. A carbon deposit u])on the cylinder head 
rarely takes the form of scales because of its i)erfect cooling. 

“My observation leads -me to believe that the tendency to car- 
bonize is growing with the lowering in the grade of the petrol 
supplied for fuel purposes. In short, it is my experience, sup- 
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ported by Ihe jud^m(‘nt of many others witli whom T am associated, 
that the principal source of carbon deposit is tbc‘ imperfect coin- 
bnslion ex])erieiieed rejiidarly upon the road with all carbureters 
and enpjijies. Tt is doiiblless true that road dust and lubricating’ 
oil Jjave a. ('onsidcrable i)dliionee in the accumulation of carbon 
upon the surface's of llic explosion chamber and head of the pisbm 
and valves in an iiidireet manner, but the carbon itself, 1 am con- 
vinced, comes largely fi'oni iinperfeetly coiisuiiu'd fuel. The luhri- 
eatijij*: oil furnishes the moist element which collects and holds this 
^asoliiK* carbon from Uh; lime of the occasional p(*riods of imper- 
fect combustion ujitil it is ilioroug:bJy burned on by later higher 
terniK'ralures uinhu' full throttle. 

‘S\tten1ion is i»roperly called to the fact that the sleeve valve 
engine, ^\lliIe i1 sJmws as gn'at thickness of carbon deposit as the* 
popjad valve, docs not sulTer from its i)resenee, and makers of the 
latter are admonisliod to study the cause of tiic i)op})et valve’s 
serious defect. It is also asserted that the two-stroke engine, as 
well as the sh*evc valve, is free from the damaging efft'cts of the 
carbon deposit, but no explanation of this condition is vouchsafed. 

“That iho. com'lusions of these authorities are well based is evi- 
dent from tlie fact that every owuer of a slec've valve motor Avill 
testify that the power and sweet running of his engine increases 
with use, which fact has caused a great deal of speculation. 

lifnited caiboii de]Hi.sit accomplishes two things: First, it 
increases to a limited extent the compression by reducing the com. 
pi'cssion space. Second, th(» coat of carl)oii acts as an insulator 
and prevents the tiansmission of heat from Uio i)iston to]) and 
cylinder head, \vhi('li lieat, instead of N\asting through these walls 
into tlir- cooling wahu* or base ebamber, is put to useful work. #11 
the limited extent of this aecumulatioii lies the secret of the non- 
knocking of the sleeve valve motor.” 

Timing 8 Cylinder V Motors. — Several cars of 1915 design will 
be found to incor])orate 8 eylijider V motors of the general form 
shown at Fig, 159. These? have two blocks of four cylinders each 
mounted on a conimori craiikca.se and disposed as shown in order to 
reduce the length of the engine. While the power i)lant shown is 
a French design, the American engines of the same type follow the 
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roiistruotiun ind'Kiiited v(‘ry dosoly. Th(* ijiTaii^viiioiit of tlio 
^'vlindors is with Iho ooiit^T linf*s dispOM'd cit fin anjjlo of 45 de- 
jurors from 11 j(' vertical crnt(‘r line of the motor. This indieatr.s 
ihat. the cylinder cenlei- linos are separated by an iingle of !)0 de- 



0 Pig. 158. — Eight Cylinder V Engine of DeDiou Design. 


grees. This arrangcinont makes it possible to operate 16 valves 
with eight cams. The method of valve operation is clearly out- 
lined at Fig. 160, the viewv at A being enlarged to show the dis- 
position of the valve plunger lift(jrs or cam riders in relation to 
the camshaft. The valve stem clearance may be regulated as de- 
sired by the conventional pattern of adjusting sevew^s. The same 
V instructions that apply to liming a four cylinder motor may be 
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followed ill setting the valves of an eight cylinder form, the only 
precaution to be observed is that the cylinders will fire in the 
proper order. 

Vic'ws at h^ig. 163 show the relative movements of the jiiston 
for a quarter revolution of the craiikshart. At A, the crankshaft 
position is sueli that the cylinders on one side are starting to func- 
tion just as would be the cas(‘ in a four cylinder motor with the 



Fig, 159. — Bear View of Cadillac Eight Cylinder V Engine InstaUed 

in Frame. 


crankshaft vertical, i. e., two pistons are at the bottom of tlie(§^,roke 
and two pistons are at the top. Rotating the cranksliaft 45 de- 
grees or of a revolution produces the condition outlined at D. 
Imthis none of the pistons are at the top of the stroke. Rotating 
the crankshaft another 45 degrees gives us the conditions shown 
\t C, which is the opposite to that outlined at A. The order of 
Bring in the Cadillac motor wliich .is one of the most popular is 
as follows: No. 1 cylinder on the left fires first; then No. 4 cylin- 
der on the right; No. 3 left and No. 2 right; then No. 6 on the 
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'right, No. 7 on the left ; tlien No. R on the right, and lastly No. 5 
on the left. It is possible to have the valves in an eight cylinder 



Fig. 160.— How Valves of CadiUac, Eight Cylinder V Engine, are 

Operated. 

^^niotor open iti quite, u varietj' of Avay.s as eonsiclerulioii of tiie fol- 
.lowing po8,sible firing orders will indicate:: 

POHSIBTil'J PlKINfl ORDKRS -S-CYIi. V TY1‘. 3, 90' 

1 Tl_l Ti~2 R— 2 B — 4 R— 4 ]j— 3 R— 3 1j 

I R— 1 L~3 R— 2 L- -'l U— 4 L— 2 R-3 h 

1 R— 1 L— 2 R— 3 — 4 R — 4 1..— 3 R— 2 Tj 

1 R_i 1 j_ 3 it_3 Tj — 4 R— 4 If— 2 R— 2 Ij 

1 B — i Li— 2 R— 3 Ij— 4 It — I L— 3 R— 2 L 

1 R— 4 If— 3 B— 3 li— 4 R— 1 Ij— 2 R— 2 L 

1 B — 4 Ij— 3 B— 2 L — 4 B— 1 Ij— 2 B— .3 L 


A 


B indicates right-hand block. L indicates ieft-hand block. 
Cylinders numbered from front to rear — 1, 2, 3, 4. 
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Wlien one cam sei*voa two opposite valves, tliere is only one 
practical timing, tlie inlet must op(3n on lop center and close 45 * 
degrees after bottom center; the exhaust valves must open 45 de- 
grees in advance of bottom center and close at top center. In the 
King eiglit cylinder motor, if we call the first cyliiider on tlie 
riglit No. 1, the secojid on the right No. 2, and so on and the firs!. 
<m the left No. 5, tlie ic'xt on the l<*ft No. G and so on, the firing 
ordiT will he 1, 8, 3, 6, 4, 5, 2, 7, or using the other method where 
each cyliruh^r bloelc is numbered from No. 1 to 4 we hav*j a firing 
order as follows: IR, — 4Ij — — 2h — 4R~llj — 2R — 3 Ia the last 
in ]>receding table. 

How Silent Chains Are Adjusted. — The tendiuicy to employ^ 
eliains for driving Iho sliafts for valve eonlrol and for tlie magneto 
us well as for the gearbox, which originated in Kngland is finding 
some favor in Fi*ance and ^Vmeriea. Tlie teeluiieal o[)inion of 
many exp(?rts Jeans strongly to the id(*a that all the advantages 
of siliuit chains can be attained by using miter or herringbone or 
even straight spur gears, if only close attention is paid to the cor- 
rect shaping of the gear tooth curves i]i each. case. As a matter ) 
of complying witii the inscrutable dictates of aiUomohile fashion, 
some activity is dis[)layed, however, among antomobile maimfac-*' 
turers to get tlie benefit of the experience with tlie eliains which 
has been gained in England. In this respect the preeaiitions which 
must he taken to obviate the effects of that lengthening by wear 
to which all chains are subject, come in the first line. They also 
constitute the most imp-ortant objection to the adoption of chains. . 
First, a considerable initial stretch must bo affected in each chain, 
unless this is dune, in advance and at some additional cost by the . 
chain maker, by running it under load for a short time on a special 
machine established for that purpose, and subsequently t&e nor- 
mal wear of the chain pins and bushings, after the chain has been 
placed in commission in a car, determines a further lengthening,- 
much smaller in percentage than the initial stretch but yet large 
enough that it cannot be neglected. 

If a chain is used that is larger tlian is needed, as on the 
Cadillac eight cylinder V type engine shown at Fig. IGl, it is not 
necessary to jirovide adjusting means because the chain will not 
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Fig. 161.— Metliod of Driving Camshaft of Cadillac Eight Cylinder 
Motor by Silent Chains. 


lengthen if it is not stressed unduly, the strain being very much 
reduced by using a wide chain hiiving a margin of safety grealer 
than lisually allowed in components of this kind. AVhere the 
chain is apt to leiigtlien due to wear in the link plates and rivets, 
some provision must be made for adjustment. The practice of 
some European designers may be considered of value in this con- 
nection. 

These methods are illustrated in Fig. 162. Armstrong, Whit- 
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worth & Co. (A), provide an eccentric sleeve iidjuatmont for the 
magneto shaft giving a maximum of 6 millimeters lateral displace- 
ment. Gregoire (B), uses two eccentric sleeves, so that up or 
down movement of the pinion can be avoided, probably with a 
view to leaving the valve liming entirely unaflFected. 

Chenard-Walcker (C), pushes the whole sprocket pinion bear- 
ing as well as the basejdate of the magneto outwardly in a recti- 



■flUSHING 

Fig. 162. — How Silent Chains may he Adjusted for Wear. 

linear movement hy means of a drjiwbolt, locking the adjustment 
with setscrews. 

The method usf?d on tlic King engines of tins form is clearh’' 
ahowii in accompanying front view of the motor wdlh timing gear 
case cover removed. A pinion mounted on a slotted plate which 
is adjustable can be moved to take out any slack in the chain as 
desired. 

Precautions in Reassembling Parts. — When all of the essen- 
tial components of a power plant have been carefully looked over 
and cleaned and all defects eliminated, oilher by adjustment or 
replacement of worn portions, the motor should be reassembled, 
' taking care to have the parts occupy just the same relative posi- 
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rig. 163.— Diagrams Showing Movements of the Piston for Dlilerent Positions of the Crankshaft in Sight 

Cylinder V Motor. 
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Fig. 164. — ^Front View of King Eight Cylinder Motor. Note Method 
of Camshaft Drive Chain Adjustment. 


tions they did lli(‘ motor was disinaiitlrd. As each part is 

added to tlie asscmblajje care should he taken to insure adequate 
lubrication of all n(*w ])onits of l)eaidn" by s(iuirtin^ liberal quan- 
tities of cylinder oil upon them with a hand oil can or syringe 
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provided for the pur])()se. Iii adjusting tlie crankshaft bearings 
tightim them one at a time and revolve the shafts each time one 
of tlie bearing caps is set up to insure that the newly adjusted 
bearing does not have undue tViction. All ndaining keys and 
j>ins must be positively placed and it is good practice to cover 
%iich a i)art with lubricant before replacing it because it will not 



Fig. 165. — Longitudinal Part Sectional View of King i^iglit Cylinder 
Motor, Showing Important Parts. 


OJily di*iv(" ill ea.si(‘r but ihe iiari may be removed nu»re easily it 
necessary at some riilnre time. Tf not oiled, rust, collects around it. 

Wh(*n a piece is held by more than one bolt or screw, es]n‘cially 
if it is a casting of brittle material such as cast iron, the fastening 
bolls should be tigliteiied uniformly. If otic bolt is lightened more 
than the rest it is liable to spring the casting enough to break it. 
Spring washers, check nuts, split pins or other locking means 
should always be provided, especially on parts wdiich are in motioi? 
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or subjected to a load. Before the cylinders are replaced on .the- 
engine base, heavy brown paper gaskets should be made to place be- 
tween the cylinder base flange and top portion of the engine crank 
case. The best method of making these gaskets is to tamp them 
out by placing the sheet of brown paper over the mouth of the 
‘.cylinder and directing a series of light blows with a machinists' 

't ball peen hammer against the sharp edges of the casting. This 
will cut the pap(T exactly to the form of the base flange and cylin- 
Jder bore The holes in the flange may be indicated in the same 
"'■^manner or may.be punched through with a steel drift. The samij 
process may be used in making irregular shape gaskets of other , 
materials sucli as asbestos or rubber packing. 

Before placing the cylinder over the piston it is imperative 
that the shits in the piston rings are sjiaced equidistant and that 
the piston is copiously oiled before the cylinder is slipped over it. 
When reassembling the inlet and exhaust manifolds it is well to use • 
only perfect packings or gaskets and to avoid the use of those that 
seem to have liardened up or flattened out too much in service. If 
it is necessary to use new gaskets it is imperative to employ these 
at all joints on a manifold because if old and new gaskets are used 
together the new ones are apt to keep tlfe manifold from bedding 
properly upon the used ones. It is well to coat the threads of all 
bolts and screws subjected to heat, such as cylinder head and ex- 
haust maiiifold retaining bolts with a mixture of graphite and 
oiL Those that enter the water jacket should be covered with - 
white or red lead or pipe thread compound. Gaskets will hold 
better if coated v/ith .shellac before the manifold or other parts 
are placed over them. The shellac fills any irregularities in the 
joint and assists materially in preventing leakage after the joint is 
, made up and the coating has a chance to set. 

In replacing cylinder head packings on cars like the Ford, it 
is well to run the engine for a short wdiile, several minutes at the 
most, without any water in the jacket in order to heat the head 
up thoroughly. It will usually be found possible to tighten doMii 
a little more on all of the cylinder head retaining bolts after this 
IS done because if the gasket has been coated with shellac the suj ^ 
plus material will hav(‘ burr?t (4f and the entire packing bedded ^ 
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down. Caro should be taken when using shellac, white or red 
lead, etc., not to supply so much that the surplus will run into the 
cylinder, water jacket or gas i)assag(*s. 

Loose Flywheel.— Many mysterious knocks, which are often 
attributed to \voru Ijearings are due to the flywheel being loose on 
the shaft. In a iiuniber of the earlier forms of ears and in nearly 
all marine engines the flywheels an* Jield to the shaft by a simple 
gib key. !t often happens that these keys b(*eome worn and the 
wheel is slightly loose on its supporting shaTt. When the engine is 
revolving at liigli si)eed a prouounc(‘(l thump or knock will be pro- 
duced because of the hammering action of the flywheel upon the 
loose k(‘y. Tlie proper remedy for sueh fi condition is to make a 
new key that will fit the kc^yways in flywheel and shaft and drive 
it tightly in place. In some constriudions the flywheel is in- 
stalled on a taper on tlie crankshaft ami in addition to tJie key 
it is held in place by elarnp nuts. Those nuts soinetim(js become 
loose and permit the flywdiec*! to back oil: tlu^ taper (?nougli to 
produce noise. In practically all modern forms of motor the fly- 
wheel is secured to a flange forged integrally with the crankshaTt 
by means of bolts. It iriay be possible for the bolts to loosen wdiich 
will permit the flywheel to rock and to pound the holes out oval. 
This condition is easily remedied by reaming or drilling the worn 
holes to the next largest standard size and to fit larger bolts to 
correspond. 

Two Cycle Motors. — Tliis form of power plant lias received 
but limited application in automobilcKS, but the repairman may have 
occasion to investigate irregular action of some old model car 
using this type of motor or may ho called upon to repair a marine 
engine of this type. It will be evident that a worn cylinder, piston 
rings or piston will n'sult in the loss of compression as in any motor 
and that loose connecting rods or main bearings will produce noisy 
operation just as in the four-cycle ly]?e. In the two-cycle motors 
there are other conditions to be looked for l)eside8 tliose involving 
normal dei)recialion of the mechanism. There arc two chambers 
to keep tight instead of one as in the fonr-cyclo type. In the two- 
cycle form it is not hard to maintain compression in the coinbiistioii 
r'^^'iriil,’pr Ijocanse there are no valves to leak and the only i?hanee 
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Fig. 167.— Packard “Twin Six” Motor. Latest Power Plant Development. 
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Fig. 168. — ^Eud Sectional View of Packard “Twin Six” Motor, Showing 
ArrangemQnt of Cylinders. 
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for escape is by worn piston rings. It is imperative, however, that 
a certain amount of compression be maintained in the crank case 
of most two-cycle engines because the degree of compression in the 
crank case determines the rapidity of transfer of explosive gas 
from the base where it is first received to the combustion chamber 
where it is exploded. Becausi: of this the main bearings demand 
more attention than do those of a four-cycle engine because they 
must be fitted so well that there is no possibility of leakage tlirough 
them. Similarly the packings between the cylinder and engin«> 
base and between tlic crank ease balvos mast be carefully main- 
tained. In examining the piston juid cylinder eare must be taken 
to remnvo any deposit of earl)im iVom Hit* baffle plate or deflector 
wliieli is usually east integral witli the iiistoii Itip. as any sharp 
point or corner would remain ineandohcent ami would cause either 
base firing or i»rcmnturo ignition. Bidii* firing is generally pre- 
vented by making ilie elnirge from Hie crank case iiass through 
wire gauze in the liy-pass jiassagc. TliLs priwents tlie flame igniting 
the cNplosivc gas in the engine base because practically all of the- 
heal is abstractetl from any heated gas as it passes thi’ougli the 
mesh of the screen. These screens somt'times become clogged with 
oil and reduce the speed of gas flow and eonse<iuently diminish the 
power output of the motor, the renu‘dy is a simple one as it in- 
volves only the removal of the clogged screens and cleansing them 
thoroughly in gasoline before replacing. 

The 12 Cylinder V Motor. — Tlie last w’ord in automobile motor 
construction is the “Twin Six” motor shown at Figs. 167 and 
168. This is very much the same in construction as ®he eight cylin- 
der forms, one marked difference being in the angle between the 
cylinders which is 60 degrees and in the use of crankpins wide 
enough so connecting rod big ends of two opposite cylinders may 
be placed side by side. Except for tlie multiplicity of parts which 
involves slight structural changes, the same instructions given for 
the repair of the simpler four cylinder engines apply to similar 
components of the eight and twelve cylinder power plants. 
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COOTjIiVG, CATmirKETrON' ANT) LIthkicatION SYSTli^Ai: FAITTjTS 

Ovt»r)u‘at.iufy'“»‘5.''stoinati(’ Lot^ation of Trouhlon — Dopoaits in "Radifttor arifl 
Pijjinjr— rionniii" Sand from 'VVatpr Jackot — Potorioraiion of Bubber 
TIoso — Pninp Poriiis ami Troubles — Mclhoda of Fan Adjustment — ^Lacinfr 
Flat Fan Belts — Ptility of Jloso Clanipy — Restoring Broken Water Pii>e 
— ^Radiator Repairs — j'efecta in Carlmrelion Oroiii> — Gravity Feed Sys- 
tem — Stewart Vacninn FihmI — A ir Pr<*asure Fuel Feed — Air Pump Con- 
struetion — Auxiliary Tanks — Fxhausl ‘Gas Pressure — Faults in Car- 
buretor Fluiit Cljainbor — Tioiibl.*s in Mixing Cbambor — How to Test 
Float Level — Eft’eet of Air Lejiks — Typical Carburetor Adjustment — > 
ICingstom-'Schebler — Browne — Overland Seheblor — Bree/.o — Stroinborg 
Holley — Kriee — /eiiith — Bayfield — Spco<l Governors — Carburetor Instal- 
lation — Soldering Metal Floats — Emergency Manifold Repair — Simple 
Oiling Systems — Typical Engine Oiling Method — ^Tht* Constant Level 
»Sy)lash System — Forms of Oil Pumps — Wheni to TiOok for Trouble in 
Lubrication Systems — Cleaning Sight Feed Glass — Curing Smoking Mo- 
tor — Practical Oil Filler — Requirements of Lubricating Oils. 

The automoliilc power plant Includt's various auxiliary systems 
whieli an* esstuifial to Ttiotor action, and defccl-s in these groups will 
nialeriaJly inflLieiiee tlie power output and regularity of running 
of the <*ngine. Tliose tliat are usually grouped together are the 
cooling, earbiij-otion and Jnbriealiou systems, because defects in any 
one of these may ])rodiice exactly the same cfl’eet on powder plant 
operation. For instance, if the cooling system is not functioning 
properly this condition will be evidenced by overheating. The 
ongUm W'ill run hotter than it should if lubrication is not adequate 
owing to friction wdiioh produces heating just as lack of proper 
cooling facilities will. Tf the carburetor supplies too rich mixture 
the engine will show this condition by running hotter than it should 
normally. , 

Systematic Location of Troubles. — When a motor overheats it 
is not possible to discover immediately whether the trouble is due 
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to improper mixture proportions, lack of adecpiate cooling or some 
defective conditions in tlie lubrication systems. If the motor is 
overheating l)eeause the mixture is too rich this can be determined 
by studying the character of the exhaust gases. If these have a 
I>iiiigent odor wliicli not only assails tlic nostrils but which causes 
the eyes to wat<!r as well, and if black smoke is issuing from the 
muffler one may safely tlie overheating to a surplus of fuel 

in the mixture. Ovei'lieating is often due to carbon de])Osits and 
if these arc at fault they may be nuuoved as indicated in the pre- 
ceding cliapter. Tlie only way to fi.nd out if excessive amounts 
of carbon arc present in the. comlinslioii eluunber is to remove a 
spark plug or valve chamber cai), and Judge tlu; amount of carbon 
present by inspection of the cylimler luiud interior. After one 
ascertains that tlie ovi‘rIicaihig is not duo 1o poor mixture or to 
carbon, deposits, it is rioeessary to inspect the vai'ious portions of 
the water coolijig system and also the means of lulirication em- 
])]oyed. If an engine is overliealiiig because of lack of oil, it will 
]K)und much more than if the abnormal rise in lemperahire is due 
to failure of the watc-r to circulate })r()pcrly, or* to tla* mixture be- 
ing rich. Sicam issuing iVom Iho radiator is considered a symiitom 
of defeclive cooling and is stated to lie an infallible indication by 
sonic autliorilies. The writer (hu's not agrr^^i uitii this view, as any 
niotor which is cooled jiroiicrly when operaling under normal con- 
ditions will oftcj) cause the water in llie radiator to boil if the 
niixture is rich or if lubrication is pmir. IMiis does not necessarily 
indicate defects in the coolijig sysleju, but men ly show’s that tho 
radiation is not energetic enough to absoil) (*xcesfivc or abnormal 
rise in temperature, due to some cause other tlian a defect in 
cooling. 

The casic'st thing to look for w’hcn one’s semse of smell indicates 
that the croublo is not too rich a mixture is some defeclive condi- 
tion in the water cooling system. There are two common method3 
of cooling in general^ use as outlined at Fig. 169. That shown at 
A is the simplest, because the water circulates by a natural prin- 
ciple that heated water will rise because it is lighter than cool 
water. The system showrn is used on Overland cars and is the sim- 
plest possible method of cooling when liquids are employed for that 
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purpose. Tlie heated water rising from the eyliiiders AAAA passes 
through the cast manifold B, to the top of the radiator D. Afler 
it flows througli the radiator and becomes cool it returns to the 
cylinder jacket through Ihe water manifold attached to the bot- 
tom of the jacket. Tlie How of water is indicated by the heavy 
black arrows, while tlie ilraught of cocjling air passing through the 



.169.*-Hetliod8 of Cooling Automoliile Engines Outlined. A. — The 
Overland Thermo-Bypnon System. B. — ^Water Circulation by Water 

Pump* 
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'‘radiator is sliown l)y lighter arrows. In order to assure passage 
of air currents through the radiator when the car is standing still 
with the engine running, a power-driven suction fan is placed be- 
hind the radiator to draAv the. air through the interstices between 
tlie radiator tubes. With a simple thermo-syphon system the only 
tiling that will interfere with proper circulation of the water is 
.sediment iii the water jacket or manifold, defective rubber hose, 
interruption of fan drive, and constri<*tion of radiator pas.sages. 
In the system of cooling shown at Figs. 11)!), B, and 170, a pump is 
depended on to promote circulation of the water, and in addition 
to the defects previously enumerated, ]>oor circulation will result 
if the water pump or its driving means are at fault. The complete 
('ooling .s;v'stem of the Paekard four cyJijuler car is shown at Fig, 
171, witli all ini))ortant i^arts clearly onllined. It will be noticed 
that whether tlie Ihernio-syphon or pump circulation sy.stem is used 
that a cooling fan driven from the engine is considered necessary. 

Overland Model 82 Cooling System. — The cooling system (Pig. 
170) of tlie Overland IModel 82 is pumj) actuated. Tlie pump is 
located on the left hand side of tlie motor and driven by the 
magneto shaft, pumping the w’ater from the lower i>art of the 
radiator through and around the water areas of all cylinders, 
as shown in illustration, into tlie top of the radiator. It is cooled 
in its dowiiw’nrd passage through the radiatoj* and recirculated 
by the pump. The rapidity of (dreulation of water is governed by 
the speed of tlie motor. The cooling system is therefore positive 
and absolutely reliable in its action. 

The water pump (Fig. 174) is lubricated by means of a com- 
pression grease cup. TJic pump shaft is drilled the center so 
tliat the grease from the one cup supplies both pump bearings. 
This cup should be given a turn or two every four or five hun- 
dred miles. The pump is provided wdth a drain cock, which 
should be opened about once a week to lot all w^ater and accumulated 
dirt run out. This drain cock may be used in conjunction with 
the drain cock on the water pump inlet elbow to drain the water 
from the cylinders when the car is to be stored in cold weather. 
The water pump is packed with asbestos aud heavily graphited. 
The glands arc countersunk, making the packing conical in shap^ 



thus prevontjug leakage of water without undue pressure on the 
pump shaft. 

After a now car has been run a thousand miles the stuffing box 
nut on each side of the pump should be tightened a trifle. Cooling 
of the water tlirough the radiator is aided by means of a four- 
blade fan S(it on the front end of the motor and driven by means 
of a belt from the pump shaft. If tlie leather belt on the 



Fig. 170. — Overland Six Cylinder Engine Showing Cooling System 

Farts. 

fan stretches from coiLsiderable use, it may be tight('nfid by loosen- 
ing the stud on tlic fan bracket and raising the fan enough to re- 
move the slack from the belt. 

Deposits in Radiator and Piping. — The form of radiator most 
generally used at the present time has a number of very narrow 
tortuous passages through which the water must pass in going 
from the upper compartment where it is discharged after leaving 
the motor cylinders, to the lower compai-tment where it collects 
after being cooled and from which it is drawn by the circulating 
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pump. The water used in some localities for cooling contains innch 
matter cither in suspension oj* solution which will form scale or 
a powdery deposit in the radiator tubes. It docs not take much 
scale to seriously reduce the j'alio of heat conduction between the 
heated Avatcr inside of the tube and the cooliiif? air currents which 



Pig. 171. — The Packard Cooling System, Showing AU Important Com- 
ponents. 


are circulated about llicir exterior. As eyliudcu’s Mre generally of 
cast iron, a certaiii amount of rust will Ixj prese.it in the water 
jacket, and this also may get into the radiator piping. If an anti- 
freezing solution using some salt as a basis such as calcium-chloride 
is employed, after this has bc'cn circiilati d through the radiator 
and piping for a tiiru' it may deposit solid matter in the form 
of crystals in the pipings or radiator. Anti-freezing solutions that 
include glycerine may have a chemical action due to the acid some- 
times found in the cheap commercial grades of glycerine employed 
for tliis purpose. This chemical action results in the deterioration 
of the water jacket walls, and also contributes to the rust deposit. 
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Cleaning' Sand from Water Jackets.— In some ca>Jes excessive 
heating of an engine has been found to be due to a retention of 
part of the sand core in the water jacket of the cylinder easting. 
This is veiy ai)t to be the case if tlie casting is in such form 
that tile water jacket interior is inaccessible. On those types of 
unit castings where a largo side plate is employed to close an 
opening that occupies practically the entire side of a watxjr jacket, 
no difficulty obtains in cleaning out all core sand, but where this 
precaution is not taken and the core aujiported by prints of small 
siiie, there is considerable difficulty in clearing the casting in some 
cases. For those not familiar with foundry practice the writer 
may say that the core is that portion wliicli is used in the mold 
to rciirescnt the space between the cylinder wall and watc'r jacket, 
as it is necessary to use some such fillei* in the mold when pouring 
the molten metal into the impression left ))y tlie pattern to form 
the cylinder. Cores are lusiially made of fine sand held together 
by binding material, and in some eases with pieces of wire running 
through as a re-enforcoment, the whole being baked to foi-m one 
piece before it is placed in tlie mold. A piece of this core may 
become lodged in some angle or corner and remain there CA'cn 
though the greater portion of the core is removed by the foundry- 
man. This may not become loose until the engine lias been in 
use for some time, and then it may l)e carried into a pipe or open- 
ing and partially or wholly interrupt the water circulation. The 
piece of core may dissolve and deposit considerable sand in the 
water jacket which will collect in some corner where it may affect 
circulation. In order to remove all traces of sand, where mechan- 
ical means are not practieul, an authority reeomnicmls a solution 
of hydrofluoric acid and water, the proportions being about one 
part acid to ten of water. This should be poured into the jacket 
and allowed to stand over night, wiiich wdll looseil' the sand or 
dissolve it. The cylinder jacket should be thoroughly drained and 
/all traces of the acid removed by flushing tliorougljly with hot 
water under pressure. Hydrofluoric acid is the only one that will 
attack sand, and it is well to remember that it has the same effect 
on glass which is usuallj^ indifferent to the action of the other 
common acids. Care must be taken, therefore, to keep it in the 
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special rubber container, in 'which it is received from the chemical 
supply house. Wliile tins chemical will also attiick the metal of 
which the cylinder is composed, the diluted solution recommended 
will have no material effect iu the short lime retiuired to thoroughly 
dissolve the sand. 

It is not advisable to use the diluted acid in the water spaces 
of the radiator, as the brass or copper used in tliis part of the 
cooling system is rtiuch tliinner than the material employed in the 
water jacket, aiid is also m(»re easily altaekcd by the acid. For 
cleaning out the water spaces of a radiator a solution of potash 
or wasliing soda njay be used. Tl)is will cut Iho rust and some 
forms of scale and will dissolve them or loosen them sufficiently 
so the. deposits may be thorougldy j1us1i(‘( 1 out witli walcr or steam 
under pressure. Tlie solutiou will work more rapidly if it is 
brought to tlie boiling point before i)lacing it in the radiator. 
The potash solution is also valuable in removing rust from the 
water jacket interior. 

Incrustation is most commonly caused by carbonate of lime ' 
which is held in solution in some water as a bicarbonate; therefore, 
when the waU'r is heated the carbemic acid is driven off and the 
carbonate is precipitatcMl in the form of a muddy deposit which, 
hardens in the presence ot‘ heal into a nonconducting scale in those 
portions of the water jacket where the lieat is greatest, and whicli 
remains in the form of a powdery deposit in tlie radiator tubea 
where the heal is not great enough to harden the sediment. Some- 
times the deposit is sulphate of lime, this also luung found in the 
'water available in some localities. The reason tliet water contains 
so many impurities is because it is one of the best known solvents. 
Pure water is never found in nature and can only be obtained 
by a process of distillation. The purest natural water is rain, 
and if this is collected before it touches the earth it contains only 
such impurities as may be derived from the atmosphere, these con- 
sisting of gases in the open country such as nitrogen and carbon 
dioxide. That falling over towns absorbs quantities of acids and 
soluble salts. Itain water collected Jiear the ocean contains chlo- 
rine. The source of water supply in many communities is some 
river flowing through or within a short distance. A large variety 
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Tig. 172. — ^Fart Sectional View of tlie Packard Centrifugal Water Pump. 
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of substances may bo found in solution in river water, the main 
element being derived from tlic rocks through which the water 
of the springs wliich liave fed the river has percolated. Then, 
again, river waler is often cotilaminati^d by the drainage of towms 
or of maiuifaetnriug establishmenls situated on tlie banks of the 
river. 8})ring waters also contain many salts and minerals. Water 
that has becui obtained l i’diu ponds is ofti‘ii rieli in A cgetabh', matter. 
As it is not praeiieal for the motorist to ns<‘ distilled water for 
filling the radiator and water jackets, it is apparent that the 
water oldaim'd from the other sources will contain impurities in 
various auioiuits. It the water is vitv liard or contains much 
salt, it will be Avell for the motorist to save rain water for use in 
the cooling syslem. TIic l»est solviMit to use depends entii‘oly iijX)n 
the corjij)()sitioij of tin* uati'r, and as thi:; varies in all ])ortions 
of tile world it is not ja-ssilde to eininuuabi lh(‘ best chemicals for 
removing ijicruslalitm or to neutralize the malerial in s(dution.‘ 
The advice of a local chemist should be sought in matters of 
Ihis kind. 

Deterioration of Rubber Hose. — In ordiT t(» avoid fracture of 
the water manifolds from Nibralion, as would be the case if these 
were a1;1ach(‘d to the ratliator by noiil]i*\il)Ie uK'lallic conm*etions, 
it is customary to iiilei'(iose pieces of rul)ber hose l)i‘twceii the 
radiator and ilie manifobls as sliown av I'hg. Ibl), A, and where 
the manifoULs are the built-up form, rubhen* fios(‘ often forms an 
important item of llic piping systcmi as sliown at Fig. 171. While 
it is imperative to use llie l»rst (juality steam hose for tliis purpose, 
even this materia! may deiireciate in use. A certa'n amount of oil 
and grease w'ill find its way into the cooling system, usually from, 
the grease cups used to lubricate the water pump bearings. This 
causes the hose to rot insidi* «is the oil lias a chemical action upon 
tlie rubber. Strips of the iulc.rior liniug may become detached 
and may inteifere with water circulation l)y constricting the bore 
of the hose. If anti-freezing solutions containing glycerine are 
used, depreciation of the hose is inevitable. The best remedy is 
replacement of the defective hose with new, as this material is rela- 
tively inexpensive, in fact, one may obtain special hose connections 
for use on all tlie ])opular makes of cars from the large automobile 
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supply houses or manufacturers, these being cut the proper length 
and not needing any fitting. 

Pump Forms and Troubles. — Tn‘ tlie water cooling systems which 
employ a pump to insure positive circulation of the water one 
may experience cooling troubles if the pump becomes itioi)erative 
for any reason. Two forms of circulating pumps arc commonly 
used. That shown at Fig. 172 is a centrifugal form in which the 
water is circulated by the rotation of a multi-bladcd impeller in 
the casing, and the design outlined at h^ig. 173 is a more j)Ositive 
form in which two gears are depended on to keep the water in 
movement. In the centrifugal form the water enters the pump 
casing at the center, and is thrown outward by the revolving im- 
peller member, passiiig out of the case through an outlet pipe at- 
tached to the casing. In llie gear pump the water enters the casing 
through eitlier of two openings, and as it canjiot pass directly from 
the inlet to the outlet on account of the tight fit of the gear leetli 
and of the gears in the casing, the only way it ca}i flow from one 
side of the case to the other is by filling the tooth space, s of the 
gears and being carried around from the intake to the discharge 
opening. 

Any condition that would interfere with rotation of the impeller 
of a centrifugal pump or the gears of a gear pump will interfere 
with circulation because the water cannot flow by natural means 
when the .system is designed with a view of keeping it in motion 
by the use of a pump. Jt is possible for tlie ijump driving means 
to fail, and in fact on many of the early model ears this was a 
very common trouble. At the present time whaler pumps are driven 
by positive connections with the camshaft, and there is hut little 
opportunity for failure of the driving means. If a pump has been 
used for a long time the steel shaft on which the impeller is mounted 
may become rusted enough so that it wdll be w^cakened and will 
rupture. Sometimes the key or pin holding the impeller in place 
OU the shaft will shear off, this being very apt to happen if the 
pump becomes filled with ice, a not uncommon occurrence in cer- 
tain sections of this country during the winter season. 

The continued rotation of the impeller of a centrifugal pump 
or the gears of the gear jmmp may cause wear in the pump casintt- 
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If there is much spnee between the impeller and the pump easing 
the efficieney of the pump will be materially reduced. The only 
remedy for this condition is to reidace the worn parts with now. 
Ill the centrifugal pump outlined at Pig. 172, which is an accu- 




rig. 173. — Sectional View Showing Construction of Gear Fuxnp. 

rate representation of the device used to circulate water on Pack- 
ard four and six cylinder ears, it will be noticed that a iilter screen 
is interposed between the intake pipe and the impeller chamber. 
The function of this screen is to remove all sediment from the cool- 
ing water with the object of preventing undue depreciation be- 
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tween tlie impeller menihtT and the pump easing. In performing 
this function the screen may become clogged up, and will not per- 
mit the water to flow tlirough it as y)roinpily as it should. Provi- 
sion is made for reiiioving the strainer, and this should be taken 
out throngli the opening left after the sediment i>lug is removed 
and thorougldy cleaned bedore it is replaced. 

One of llio annoying eondilions. though riot a. sei-ions one, that 
is Jiotieed in a water- pump is leakage at various ]ioi nts. Tt is 

Water Pump 

Grcnee Cup 

Scuffinft Uoi 

Fan Pulley 


Water Drain 
Plug 

Fig. 174. — Sectional View Showing Overland Centrifugal Piunp. 

evident tliat thei-e will he an (niporlnnity for watm’ to escape 
around the driving sliaft if tire .stuffing l)ox is not kept pro])erly 
screwed n]>. The .stufling Irox is providt'd witli a flexible hemp 
packing A\hieh may he eonipressed iighlly against the shaft by 
screwing down tlie stuffing box nut and whieh forms an cfTective 
seal against escape of water. The .stufling box jracking needs re- 
new'al from time to time in order that it may form an cflective seal. 
Other points whorxi a puni]) may leak are at the packings between 
the pump case oj* body and pump cove]-. If tiglitoning the re- 
taining screws or bolls <loes not stop the leaking, a new packing 
must be made to replace the defective one. Pump packings arc 
usually of well shel]ack(*d cardboard cut to fit the ymmp casing 
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eontour and with the ■sorew’^ holes })unchod through with a bell 
puiicli. Sometimes specially i)rcpared rubber patchings are used 
for this purpose'. 

Tf the pump is suspected of I)eing defective the following points 
should Ik* looked at in order: First, the driving means bctw'eon 
the pump shaft and the engine; second, the* retaining means for 
driving the impeller of a centrifugal pump or the driven gear of 
tlu' gear ])ump; third, lh(‘ (it between the gears or impeller and 
the ])ninp easing interior; fourtli. the fit between tiie imi^eller 
shaft and its bearings; fifth, the eondilioii of the filter sere(*n or 
strainer if a member of this nature is hiterpost‘d between the ]uiriip 
intake and interior. The phingiu* form of j)unij}, which is widely 
used iji marine .s(‘rvi(?«j beeause ii is self-])riming and must lift 
water, and the eceontrie rotor forms, are sehlmu used on auto- 
mobiles. I'raeticalJv all pumps a»*e <*ith(*r of the centrifugal pat- 
tern shown at Kig. 174 or of the gear j)altern oulliruMl at Fig. 173, 

Methods of Pan Belt Adjustment. -If the motor lu'ats up 
w’Jien the engine is running and the ear standing slill, it is neees* 
sary to insi)eel the fan driving means to mak(' sure iliat this is 
fun(fti(mij)g propcjly and that the fan is turning all the time the 
engine is running. Most fans are Hat belt drivt u, a)ul are mounted 
on some form of bracket that will permit of maintaining tlie fan 
driving belt at tlie j)roi)i*r tension to insure positive rotation of 
the fan blades. Some of the most common adjusting means are 
outlined at Fig. ]7f). At A the fan is mounted on an extension 
from an oeeentrically mounted piece wdiieh may be turned iji the 
clamping support to increasi* the distance bet wet ii faji i)ulley and 
driving pulley eeiiliTs. In luhlitiou to the eceeiitrii*, provision is 
niado for^ keeping the fan belt at the proper degree of Itmsiori by a 
coil spring attached to a lever fa.stened to the fan .supi)orting 
crank at one end and to the suj)porting bracket at tlie other. A 
similar method is shown at 15, as the fan shaft is carried at one 
end of a bell crank which fulerums on a supporting member in 
such a W'ay that the tension of the coil spring on the long arm 
of the bell crank keeps the fan bolt tight. At,C the fan .sni)port- 
ing standard is of tubular form and may be raised or louvered 
in the socket at jis if>wer tuid. When the proper degree of ad- 
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Tig, 176. — ^Methods of Adjusting Fan Belt Tension Outlined 
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Fan Belt Adjustment 

ju&tment is stvinv^l tho fan support may be firmly clamped in 
position. At D the fan is carried by a simple lever which swings 
about a boss attached to the cylinder. In order to alter the fan 
belt tension the clamp nuts may be loosened and the lever swung 
over until the holt is properly tightened. This adjustinenl is re- 
tained by tighl(‘iii»ig the clamp nut. Another apj)lica1ion of the 
eccentric })rincip]e is shown at E, while another form of swinging 
supporting lever is oullim^d at F. The method at Q is distinctive 
and very accurate adjustrticnt of the belt tension may be aeeured- 
The fan Inib rotarj's on one end of a lever which swings on a 
hinge formed integrally with the watiT manifold. Adjustment 
screws are providc'd at each side of the hinge to regulate the 
height of the fan. To tighten the fan belt the adjustment screw' 
nearest the fan must lie screwed down to raise tin' fan suj.)portirjg 
lever, \vhile that at the other end must he screwed out the same 
amount as the otlier is screwed in. When the i)rop(T d(?grce of 
toilsioii is obtained the adjustment screws may be locked with 
suitable check nuts. 

Lacing Flat Fan Belts. — Lacing a fan belt is not a difficult 
operation, but unless care is taken in performing the w'ork it is 
not easy to obtain a joint that will be neat and oiulnring. Certain 
preliminary ]irocautioiis are necessary, an important point to ob- 
serve being to make sure that the approximate edges of the belt 
be cut straiglit and at I'ight angles to the longitudinal edges. The 
lioles should be jninched through with a bolt ]uineh, sliould be no 
larger tluin absoluhdy iieecssary, and should be distributed so os 
to weaken ihe belt the least. Belts used for driving cooling fans 
are seldom wide enough for more than tlir(?e Ir les. It is not al- 
ways possible to obtain rawlnde belt lacing narrow enough to be 
used with these narrow belts, but it is possible to cut strips from 
the wider lacings such ns can be obtained from any machine shop. 
The cutting may be done as indicated at A, Fig. 176, it being 
important that the knife have a very keen edge. The knife should 
be held between the fingen-s and the palm of the hand so the thinnh 
can be employed as a guide to maintain the strip to be, cut off of 
regular width. The lacing to be split should be given a preliminary 
cut of about two inches, then the knife should be placed with the 
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point resting on a bench, Iho blade lading inclined slightly to secure 
a good cutting angle. Take hold of the strip to be cut off with the 
free hand, and by pressing the thumb firmly against the edge of 
the lacing and the bench draw the strip carefully upward. When 
the laces are cut, trim the ends to a long, narrow point, so these 
may be inserted in tlie holes punched in the belt. 

In lacing a belt, first stick one lacing end through one of the 
center hob s iii the belt from the under sid(‘, which is the portion 



Fig. 176. — ^Method of Iiacing Flat Fan Belt. 


that will run next to the pulleys. Repeat with the other end of 
the belt lace and draw the ends of the belt together, as shown 
at B. Next place one end down through the side hole at the 
opposite end of the belt and bring it up through the hole on the 
same side of the end of the belt, as shown at C. Repeat this 
operation with the other end on the other side, as shown at D. 
The last step is to tie the ends of the lacing together at the top 
of the belt and cut off the surplus material. The three strips on 








Method of Lacing Fan Belt 

Ihe uiulor side of the belt will run parallel to each other and there 
will be no buiicliiug to interfere with smooth running over the 
pulley. Metal belt lacings are sometimes used for this purpose, 
but these are not so satisfactory as the more pliable materi:!l, 
owing to the .small diameter of the fan pulley. While the flat 
belt is the type most gcnornlly used, as it is the most serviceable, 
the round section belts arc sometimes cmijloycd, these running 



Fig. 177. — ^Hose Clamps of Good Design. 

over gTOONcd pulleys, or V t»elts running in 28 degrees straight 
side grooved driving members. 

Hose Clamps. — Tlie problem of compressing the rubber hose 
connections tightly enough arouinl tljc inanifold and piping of 
the radiator so they will not permit water to escape at the joint 
is difficult to solve unless hose clamps of good design are used to 
compress the hose in firm contact wdth tlie pipe. The simplest 
form of hose clamp to have received general application is shown 
at Fig. 177, A. This is made of a baud of sheet metal^ stamped 
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and bent to the form shown. A elaini> serew is us(?J to tighten 
tlie elanip around the hose. While this form is generally used, 
it is sometimes possible to screw tl^eae up so tightly that the open 
ends wdll abut without forming a tight joint. Difficulty is some- 
times experienced with tliis form w’hon rc'placiiig worn hose with 
new in closing tlie ends enough to catch the nut on the end of the 
clamp ser(‘W. Tliis calls for the use of a longer clamj) screw than 
that ordinarily furiiislicd with the clamj). Another disadvantage 
of the form shown at A is that it w'ill fit but ouc size of hose. 

The Morgan hose clamp, which Ls sliowii at B, has the advan- 
tage of being (juickly attached and of being used with several dif- 
ftu’eiii sizes witliout alteration. A.s will be noted by tlu‘ illustration, 
it includes a flat band and buttress, and a slot in the latter permits 
of quiek adjustment. The band is secured by a T head bolt carry- 
ing a wing nut, as indicated. Tiie band is provided w'itli several 
holes for the purpose of fitting different .siz(‘d hose. The clamps 
come ill a variety of sizes and one of the good qualities of the 
design is that no tools are neeessary to adjust it. Another form 
of clamp that has the advantage of being adaptable to a number 
of sizes of hose and wliicli also insures a tight joint is show'n at C. 
The main portion of the device is a stamped buttress which has 
a wire clamp fastened at one end, designed to cneirele the hose 
forming a guide in the channel section for the threaded end of 
the clamping wure which is guided by it and which is tightened 
by means of a winged nut. These elami)s are mucli sup(?rior tt) the • 
cheap form of wire hose clamp used in connection with garden 
hose which calls for the use of a special tool to a})ply it. Adjust- 
able clamps are necessary because it is imperative to have water 
joints of such a nature that they may be readily broken when 
necessary, 

Bestoring Broken Water Pipe. — In attempting to remove a 
water manifold made of brass tubing from a motor cylinder a work- 
man used a large wrench in endeavoring to unscrew a nut rusted 
in place. The wrench slipped and bent tlie tubing in the manner 
indicated at Fig. 178, A. The tube was thin and was coupled to 
the cylinder by a flange and nut coupling, the pipe being flared at 
the end to seat against a correspoudiiig male member screwed into ) 




Fig. 178.— niustratlng Procedure in Repairing Damaged Water Idanifold. 
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the water jacket, and was held in place by a nut. In a case 
of this kind it is cheaper to make a new piece of pipe for the end 
than to attempt to straighten out the damaged section. The first 
operation was to bend a piece of tubing of tlio required size to the 
proper contour to form the end of the manifold. Tlie end of — 
tlie tube was plugged with a piece of W(iod <lriven tightly in place; 
the tube was tlien filled with sand. j\i*t(*r lioating the tube at the 
point where it was desired to ])eTid it, it was bt‘jit to the reepn'red 
angle by inserting the end into a hole bored in a liardwood block, 
held firmly in a substantial vise as indicaled at B. 

The next step a ft or tlie sand had been reinov(‘d w’as to form 
the bell mouth or flare at the end. Tliis was accomplished as shown 
at C. A piece of liardwood was shaped a gradual taper and driven 
into the tube to expand the end sliglilly. A short piece of round 
steel rod was bout and lield in the vise and the tubing was care- 
fully flared out by conliiuuil tapping with a hammer and keeping 
the tube turning so hammer blows were distributed uniformly 
around the end. It was necessary to aiiiieal the end of the tube 
several tiiiu\s during the process. WIumi formed to tlie proper ^ 
contour it was again annealed, and wliile still Jiot was drawn into ^ 
its final shaiio by fitting it to tlie nipiile in llie cylinder under 
the pressure producixl by serewiiig the coujdiiig nut dowm tiglit. 
The coucludiiig o]>cra1iou was cutting off the tubing to the de- 
sired length as it had been left longer than necessary to facilitate 
handling. 

In fitting the end of the tube to the manifold it w’as decided 
that a re-enforced joint would he superior to any othei*, and that 
a neat job would bo obtained if the re-enforeemeiit was pbaced in- 
side of the pipe. The end of the tube and the manifold as well 
were carefully squar'd up with a fine file till they butted together 
perfectly. A piece of brass was rolled into a tube about tw’o inches 
long, the outside diameter being about the same as the internal 
diameter of the tubing. This was carefully cleaned and tinned 
and the inside of the tube was similarly treated. The parts were 
heated and the tube used for re-enforcing was placed inside of 
the manifold and sweated into place. To make sure that it would 
not move tw^o small holes were drilled through and pins driven ^ 








354 Automobile Repairing Made Easy 

in to prevent movement of parts. The short bent piece of tubing 
was then heated up and slipped over the re-enforcement until it 
butted against the end of the manifold. To insure that the joints 
would line up tlic manifold was connected to the cylinder, then 
the entire assembly was heated and solder supplied around the 
joints to insure that tlie sweating operation would be successful. 
When eouipleted, tlie joint had the appearance shown at D, this 
being a seetioiial view where the rejiair was made. 

Badiator Repairs. — Radiator repairing is an operation that re- 
quires more skill than the average motorist or ro]>iiiruian possesses, 
unless the leakage is at a point where it may be easily reached. 
It is not difiieult to solder open seams or cracked joints in the 
upper or huver radiator tank portions, hut it is extremely ditlicult 
to seal a l(‘ak in the radiator interior, especially if that niemhor 
is of the honeycomb or cellular construction. When the radiators 
arc built, all the joints an* tn^ated at tJu* same time by a process 
of dip Si lderiiig, in which tlic entire section is coated with soldering* 
ilux and placed into a hatii of molten solder which iienetrates all 
joints. Ill attempting to make repairs in the irilerior of a cellular 
radiator by using the usual form of soldering copiier, the inexpert 
repairman is very ajit to start more joints leaking, unless the iron 
is very carefully liaiulled, and in many cases the radiator is worse 
than it w^as before. 

A number of compounds is offered for placing in the radiator 
to seal leaks. These are usually of a glutinous nature and soluble 
in hot water, the theory being that tlic solution wdll solidify on 
striking the air and seal the crank. ('Ompouiids of this natures 
should never be used in a radiator that can be repaired by any other 
means, and are a desperate last resort that the owner or repairman 
has recourse to in making temporary repairs. 

If the leak is not a bad one, and is at a point where it can 
be rleachcd without trouble, it may be sealed as shown at Pig. 179. 
The first step is to empty all water out of the radiator and remove 
that member from the frame so it may be tilted as desired to insure 
- that the solder will penetrate to all points of the leaky joints. 
The first operation is to clean the metal adjacent to t’ne leak care- 
j fully with a very fine file pr scraper, as shown at A. After the 
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soldering flux lias been applied to all points where it is intended to 
place solder a very small soldering copper is used to melt enough 
metal from a piece of wire solder to fill the opening. This is shown 
at B. The reason the small soldering copper is recommended is 
because the large one holds so much heat that other joints may 
be started before the leaky one is properly sealed. The soldering 
copper used should have a fine point so it can penetrate into the 
interior of the tube to some extent, if necessary. The final oper- 
ation indicated at i! is to remove the surplus metal from the sides 
of the tube witli a fine file. 

If the leak is some way inside of the tube where it eafinot be 
reached handily, it is possible to fill that tube up with some quick 
drying iron eeniciit and i>revent the l(‘ak. This cannot be clone 
very often, as if a number of the tubes ar(3 blocked iij) in this way, 
as is very probable in rej>airing an old radiator, the available 
cooling siirl’ace will be greatly r(‘diieed, as then* will be n(» oppor- 
tunity for the air (Mirrents to pass llirougli the scaled opening. 
Tlie safest plan is to return the radiator to the inanufaeturer for 
ri'pairs, as few repair shops have the skilled workmen o»’ facilities 
for doing work of this kind. 

Defects in Carburetion Group. — Troubles in the carburetor 
and fuel supply system are usually indicated by (>verlu‘ating of the 
engine if the ]iiixlur<3 is too vieli by misfiring nr irregular opera- 
tion if the fuel is not supplie<l in pro[>cr quantities or by loss of 
l)0wcr, even though the engine may be rTinning regularly. There 
are a number of points in the fuel system where defects may 
materialize besides the carburetor. In fact, Die construction of 
these mixing devices lias been refined to such a point at the present 
time that very little trouble is apt to e\ist in tin carburetor. In 
order to understand tin* conditions making for poor carburetion 
we must first study the earlmrotion system as a whole to see of 
what units this is composed, then the (h'feets apt to materialize 
in the different devices must be enumerated. 

In tracing carburetion troubles the first thing to do is to see 
that there is an adofiuate supply of fuel in the tank, next to make 
sure that it reaches the carburetor. If the carburetor is provided 
with a drain cock this may he opened up, and after the opening 
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is cleaned out with a piece of wire the gasoline should run out 
in a stream the full size of the drain cock nozzle bore. If no 
liquid escapes from the drain, the fuel pipe should be discon- 
nected from the carburetor, taking care to shut off the fuel valve 
at the tank before this is done, and after the coupling is removed 
the gasoline shouJd be turned on again to make sure that the 
fuel feed pipe is clear. If a good stream of gasoline runs out 
of the feed j)ij)e one may assiune that the trouble is at the car- 
buretor. If no liiiuid issues from the end of the (Ved pipe, or if 
it drips very slowly, it is reasonable to assume that the siipj)iy 
pipe is clogged aJid this must be removed and cleaned out eitlier 
by running a fine but stiff wire through the bore or by blowing out 
the pipes tluu'oughly with c<un])ressed air. The trouble may be 
due to clogging of the. strainer or filter in tli(‘ fuel pipe line as 
well as coijstrielion of th(» pip(‘ Imre. 

Fuel Supply Methods, Gravity Feed.—TIie simplest of all fuel 
supply mellu'ds is that in which the gasoline flows to the carburetor 
by virtue of its w- eight or gravity. Such a system is clearly shotvii 
at Fig. 180, wdiich represents the method of fuel supply used on 
Ford automobiles. It is necessary that the tank or fuel reservoir 
be carried liigher than the carburetor, and that it bo placed in 
such relation to tliat member that even thougli the tank is nearly 
empty and the ear climbing a steep hill, the gasoline will still flow 
to the carburetor. The fuel is carried in a cylindrical tank placed 
under the front seat in this ease, and is joined to the carburetor 
by a length of flexible copper tubing. A sediment bulb is placed 
at the bottom of the tank, this having a shut-ofF valve to interrupt 
the flow from the tank when desired and a sediment drain cock 
at the bottom through wliich foreign matter can be drained off 
from the bulb where it collects. AVater or grit is heavier than 
the gasoline and will naturally settle at the bottom of the bulb, 
and as the fuel pipe is attached at the top of the bulb, one is not 
apt to have water or other foreign matter enter the carburetor 
float chamber. As an added precaution, a gauze filter is placed 
at the outlet to arrest any light particles, such as lint, which might 
be floating in the gasoline and which would not settle to the bot- 
tom. The flow from the tank to the carburetor float chamber and 
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jTig. 180. — Th^ Ford Carljuretioa System. 
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the internal construction of the carburetor itself is so clearly 
shown that further description is unnecessary. 

Sotnetimes when the tank is placed under the seat and it is 
not possible to place the carburetor low enough to insure positive 
feed at all times, the tank is arranged so that air pressrtre will 
be pumped in to displace the liquid. A systoui of tins nature 
is shown at Fig. 1S1, though the pressure piping is not indicated. 
It will bo iiolieed that the bottom of the carburetor and tlie bottom 
of the fuel container are about on a line wlicn Ihe franu* is level. 
If the ear is asciuiding a gradient Ihe oarl)ur(?tor will bo higher 


MOTOR CARBURETELR f"UEL CONTAINER 



Fig. 181. — ^Fuel System in which Gasoline Tank is carried Under Front 

Seat. 

than the tank and y)ressure will be necessary to force the lii|uid 
througli the pipe lines. Many of tlio 1915 ears have a gasoline 
tank in tlu^ cowl at the front, just back of the dashboard. When 
ibis tank location is used it is possible to employ the gravity feed , 
system without placing the carburetor very low. 

Stewart Vacuum Peed and Air Pressure Systems. — Oars liav- 
lug power plants of large cai^acity or those designed for touring 
usually carry more fuel than can be conveniently stored in a cowl 
tank or a container of such size to be placed under the low seats 
now used. There are two methods of causing the gasoline to 
flow' from a tank wdien that mcinbt'r is placed below the level of 
the carburetor. One of tliese, wdiicli is sliowm at Fig. 382, A, in- 
volves the use of an auxiliary tank placed on tlie dash higher 
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than the carburetor, whicli holds a relatively small quantity of 
gasoline and which is supplied from the main fuel tank either 
by suction feed as at A, or by air displacement as at B. The 
system outlined at the top of the illustration has only been re- 
cently placed on the market, but is used on many of the latest cars. 
It is known as the Stewart vacuum gasoline feeding system and 
calls for the use of a special form of auxiliary tank wiiich is shown 
in section at A, Fig. 184. 

There? are sonic disadvantages to tlie pr('ssur(? feed system shown 
at Fig. 182, B, where the jiressure in the tank is maintained to 
a certain point by a power air pump. If the pressure rises too 
high, on account of the safety valve sticking, for instance, the 
excess pressure' is apt to eausi? tlu? carburetor to liood, and even 
if the carburetor does not overflow, the high ])rcssure often results 
in exe<ssive eonsinn])tion of gasoline. Then, again, it is important 
liiat there' be suflideut pressure all tlie time to insure a constant 
supply of gasoline. If a l<*ak starts or tJie garage man neglects 
to screw the tank filler cover down tiglitly after replenishing the 
supply, it may be impossible to get gasoline to the carburetor. 
In addition to a pow-or driven pressure pump or exhaust pressure 
regulator, it is necessary to provide a hand pump for raising the 
I>re.ssure after tlie car has been standing for some time and the 
tank pressure is reduced to such a point that it will not force 
the fuel to the carburetor. 

The best pressure system is that in which an auxiliary tank 
is used on the dash, a float controlled valve similar to that in the 
carburetor regulating tlie supply so that this tank always has a 
uniform amount of fuel therein which is not subje^.t to pressure. 

An idea of the complete piping of pressure systems in which 
the gasoline is fed directly from the tank to the carburetor instead 
of to an auxiliary tank is shown at Fig. 182, B, as applied to a 
touring car wldle tlie parts of a pressure system itscd on a roadster 
model in which the tanks arc carried back of the front seat is 
shown at Fig. 183. It wdll be apparent that a pressure pipe runa^ 
to the top of the gasoline tank and that this is joined to a motor 
driven pump as well as to a hand operated plunger pump. An 
^ir pressure gauge is included in the system in order to indicate 
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rig* 182.— Fuel Supply Systems, Having the Tank at the Bear of the Chassis. A — The Stewart Vacuum 
Tank System. B — Showing Fuel Supply by Air Pressure. 
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if tlie proper aiuoinii of air pressure* is availaJile at the tank. 
From the tank tlie fuel passes throngh the usual form of pipe line, 
o. sepnvator or filtor being interposed between tin; globe eut“0ll 
valve and llic earhuretor. In the system outlined pressure is also 
ulilizo<i to feed the oil from an oil reservoir to tlie enj»iii(‘ crankcase 
when the [iroper valve is opioiej. J>all ch(‘ck valves are placed 
at the loj) of the fiud tank in most cases to retain the pressure, and, 
obviously, failun* of this valve to seat or a leak eitlier at the 
filler eap or in the pii>o line will result in tuion*?h pressure loss 
so the fuel fecni will be erratic.. Jii event ot trouble with the 
fuel feed one should examine the check valves in the power 
,the three-way co(‘ks below the han«l pump must be inspected, the 
inc'ssnre liii(‘ sliould' be <*xamined a1 all joints to make sure that 
Inese are tifjflit and j)ipos should be looked over aloiij? llic entire 
lenplh for opmi scams. The filhu* eap should also be looked at 
io s<'e that it is tightly screwed dovM^, and that it seals against 
a suitable gasket. 

The coustruiition of the me<*h«*^ijism of tlie Stewart-Wariier 
vacuum system, which is contained in a tank as at A, Fig. 1S4, is 
not difficult to nnd(‘rslaiid. The coutainer is divided imo two 
chambers, the upper one lieing the coinparlment in which the 
gasoline fi’oiri the tank, is first received, while the lower one is 
railed the miiptying ehamlier and snp])lies tlie carburetor. This 
<*liamber is under atmosplioric ])re.ssure at all times, and the fuel 
flows from it by gravity only. Atmospheric (iressure is maintained 
by a suitable vent pijie as indicated. The ui)i»cr portion of the 
device or filling ehamlxo’ is eonm-etod to the fuel tank by one 
pipe, and to tin; intake manifold by anotluT. order that fuel 
may b(^ sucked from the main tank to the npp(‘r chamber, the 
suction valve must be ojamed and the almospherie valve elostul 
in which case the iloat is at the bottom of its travel. When the 
motor runs the suet ion oF the piston draws gasoline from the 
main tank and sn])plies it to the upper chamber. AVhen tliis is 
filled to the proper Inu'ght the float rises to the top ; by so doing it 
closes the suction valve and opens the atmospheric valve. The 
suction thus being intiuTuptod, the lower chamber is filled by 
\ gravity as both chambers are now open to the air. 
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Tiie Complete Fuel and Oil Supply System of the National Boadatei. 
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’'7. 184. — ^Two Methods of Forcing Fuel from a Tank at the Bear of 
K the Chassis. A.-<— Sectional View Showing Interior Construction of 

! Stewart Vacuum Tank. B. — Sectional View of Typical Motor Driven 
Air Compressor. 

A flap valve is placed at the lower portion of the discharge 
/ pe leading from the upper to the lower chamber to prevent the 
^'.asoline in the lower portion being sucked back into the upper 
part. It takes abput two seconds for the chamber to become full 
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eijoiigli of li(tui<l to rfiiso the float, the ainoiiiit transtVrrerl being 
.05 jjallon. The atiuosphei'ic* and suction valves are acduated bj 
levers \vliich are intei-loeked and oonirolled l)y suitable nieelianica' 
connections witli tlie float. Two coil si)ri!i<]fs arc; used so tlie floaj 
cannot assume an intu'mediate })osifion; it uinst. l)e oilluT up o| 



Fig. 185. — Stewart Vacuum Tank Applied to Inlet* V 4 .i Okev 

rolet Motor. 


down. The only thing that can happen that will j^ermit the vaen 
to become so low that it will not draw gasoline from the r 
tank is when the pressure is below four ounces, it being said t 
this condition can exist only when the motor is running be. 
600 R. P. M. with fully opened throttle. If the car is allowt 
to stand long enough so the low'er tank becomes empty, it i 
claimed that a full. supply will be obtain(*d after the motor ha 
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been eranketl over four oj- five times with the throttle closed. 
This system can be installed on any car and can be placed in a 
very short time without the use of any special tools. The suction 
pi])e is tapped into the inlet manifold at a j)oirit as near to the 
cylinder as i)ussil)le while the fuel pipe is attached to a member that 
runs to the bottom of the jrasoline tank. A screen is provided at 
ttic end of the fuel j)ifie to eliminate IrouhJi’s due to sediment. 
iSiuci* tli(‘ fuel is su(‘ke<l from the gasolim^ tajjk the filler cap need 
not l)c airti^id; on the contrary, it should be ])rovided with a 
small ^enl so the L'm*! tank will be at almosplierie pressure. While 
tile usual ni(‘i 1)0(1 of ijistallation is as outlined at A, Fij?. 182, 
whciv th(‘ deviiM* is [daced on the dashboard, some makers mount 
it as indicat(*d ai h'iii'. 185. In this ease it is attached to the inlet 
manifold, wlueli nieiins that short suction and fuel supply pipes 
to tlie caj'burfuor can bo ns('d. 

Air Pump Construction.- the fmd is lifted from the 
main container by air pressure, this is obtained bj" moans of a 
l)lun^er pumj> in most casrs, 1liong;h sometimes a ])ortion of tlie 
exliaust fi'as is l)y-])ass(‘d from llie exhaust manifold to 1hc tank 
iliroujih a specdal loi-m of j)res.surc redueins^ valve. The construc- 
tion of a ty])ic,al air pump that may be used for fiiruisliing air 
[>r(issure. and tliat is adaph'd for placing? at any convenient part 
of tin* po\V(?r plant, is shown at Fit^. 184, B. In essentials it is not 
unlike a small fi:as<diiio engira*. A piston havinjj two pa(?king rings 
reciprocates in the cylinder wliiirh is provided Avith radiating flanges 
to assist in cooling. A connecting rod joins the piston to a crank 
pin in the coiiveiiti(3nal manner. The purii*) cylinder head is 
provided with two valves, one which opens in wdien the piston 
goes down to admit a charge of air and which closes as soon as the 
air pressure inside of the cylinder is c^iual to that of the atmos 
pherc and is termed the inlet valve. This is carried in a readily 
removable cage whicli screws into the cylinder head. The oth(jr 
valve, which is called the outlet check, has an opposite taper to 
that of the inlet valve, and as a result tends to seat tighter on the 
suction stroke of iniinp. On the compression stroke, however, when 
the air pressure is sufficiently high to overcome the spring resist- 
ance this valve will open and permit the air to flow to the fuel 
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tank. The troubles with a pump of this kind outside of those due to 
natural wear of the piston, rings and cylinder wall, are invariably 
valve faults. If the inlet valve does not seat tightly, a portion 
of the compressed air will escape back througli tliat member. If 

the inlet valve sticks- 
and does not opeji the 
cylinder will not re- 
ceive enough air. If 
the exhaust check does 
not seat positively tlie 
pump will not produce 
any pressure, and 
trouble may he experi- 
enced due to leakage 
from the fuel lank, as 
in some cases the 
pump outlet check is 
suppos(?d to retain the 
air pressure in the 
uiaiu containiT. 

Auxiliary tanks are 
used with tlu» pressure 
feed system, where it 
is desired to eliminate 
the danger of poor 
carbn relion due to ex- 
cess ive fuel feed re- 
sulting from too much 

Tu* n.ol (m Dull nd Somnimei mtepuill colBtrac- 

Vsed wltb OasoUne Pressure Feed of a typical aoz- 

' System. ' jliary tank is shown 

at Fig. 186 . A needle 
valve admits the gasoline according to the position of the float. 
When this auxiliary tank is empty the float falls and raises the 
needle valve from its seat. This permits fuel to flow into the tank 
from the fuel line. As soon as the proper level is reached the 
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float rises and seals the nmlle valve. An auxiliary tank of this 
nature is subjected to the same troubles as the float bowl of a 
carburetor is, for the most part, these are flooding due to improper 
seating of the needle valve, or the float becoming soggy or fuel 
soaked, and. troul)les apt to result from deposit of sediment that 
will interfere with proper fuel flow. This auxiliary tank is in 
direct communication with the float chamber of the carbureter. The 
feed from tlie small tank is by gravity as in the Stewart system. 
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Fig. 187. — ^Air Fiunp fpr Producing Fuel Flow on Jeffery Four Cylinder 

Car. 

AiiothiT form of gasoline tank pressure pump of simple design 
used on the Jeffery automobiles is shown at Fig. 187. This is lo* 
eat(»d on the side of the crank case and is intended to be worked 
by one of the valve lifting cams. The plunger is kept pressed 
against the cam by a coil spring. Wlien in the position shown an 
air inlet in the pump cylinder communicates with the interior by 
means of an annulus machined around the pump plunger and a 
passage drilled in the plunger to communicate with the annulus. 
When the pump plunger reaches the other end of its stroke, which 
is determined by the height of the cam profile, communication is 
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juado from tlio oylindor interior l)y the anuiihis wliieh now re‘^i^•l(•rs 
with a. discharj?e eljeck of the ball form throimh wliieh the pressure 
is delivered to the fuc'l eoiitaintT. It will be iu)1ie(‘d tluit the pump 
j»liinf?cr is provided wilh a inniiber of grooves whi<*h an' intejidod 
to act as paekiiiir m(*nib(*rs wlien filled with liihneatiiig oil. These 
grooves also tend to n'diiee wear between tln' ])lung('r and walls 
by i/isuring jxisiiive lubricity. 

Exhaust Gas Pressure Regulator. — 'Whih* ihe desi^us of regu- 
lating valves for application to tlie exhaust nianirold vary, that 
shown at Fig. 18S Tiiay be considered a good example of eoineii- 
tioiial construetioTi, Th(» ])rossur(* of tlie exiiaust. gas when ii issu(‘s 
from the eylinder is bm great to permit it to lx* passed dirtxdly 
VC) tlie fuel tank. J3esid('.s, ll has considerahh* heal and must lx* 
eooled to avoid danger of fii'<‘. The exhausi gas ent<‘rs through w 
suitable inlet in the body of lla* device whieh is ladled to the mani- 
fold by a rcdairiiug tlanuu*. liefore passing by the ehoek val\e it 
must first How through aii <'xhaust gas filter serc'en whieh not only 
is intend(Hl to nxliiec^ the ttaupgralnre of the gas but also to pre- 
vent particles of carbon or <»il ])as.sing from tin? body castiiig to 
the check valve })ortion. TIu' exhaust gas ])n'ssnre is reducefl by 
allow'ing a certain ])()rtion of it to escape to tlie outer air through, 
the excess prc'ssurt' release valve which is kei)t seat(*d by a coil 
spring. TJie pressure of tliis sjndiig may be altered as desired by 
screwing the pressure regulating screw in or out. If tin' screw is 
turned down the spring is coinjuTSsed and the gas lu’ossure in tie' 
fuel tank will be? incTCasi'd because not so inueli of the; gas will 
by-pass to the air. ff IIkj spring pressure is lesstmed, tlie tank pres- 
sure becomes less in jiroportion. The check valve, is to keep tlie 
pressure in the tank from flowing back into the (‘xhaust manifold. 

AVhen a device of lliis nature fails to function ]>roperly one 
may assume that the trouble is due to a clogged exhaust gas filter 
serecii which does not permit the gas to pass Ihrouglt it, if tlie 
trouble is not due to poor seating of the excess jiressure reloas(‘ 
valve or check valve. A certain portion of oil will pass through 
with the gas despite the filter screen and this may coagulate around 
Hie valve seats, either keeping them from seating properly and 
^flowing leakage or by retarding their action due to the sticky 
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Pig. 188. — Exhaust Gas Pressure Regulating Valve of Conventional 

Form. 
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material or gum between the valve and seating. The first thing 
to look at is the condition of the exhaust gas filler screen. This- 
may be readily removed by unscrewing a cap and lifting out the 
screen retaining spring. The drain plug is then removed from the 
bottom of the body casting and all the sediment washed out witJi 
gasoline. The clieck valve and relief valve must also be cleaned 
out and, if necessary, reground to a proper seating. If the car- 
buretor float ciiamber overflows, due to excess prmure in the fuel 
tank, the pressure regulating screw should be turned back or out 
in order tliat the release valve will allow more gas to escape to the 
air, this having the effect of reducing the tank pressure. If the 
tank pressure is too low, the pressure regulating screw should be 
turned down to tighten the spring. 

Carburetor Troubles. — There are two parts to tlie usual float 
feed carburetor and either of these is apt to cause trouble. In 
the float chamber any defective condition that will prevent the 
float control valve from seating properly will result in flooding 
which will be evidenced by a rich mixture. If the passage the 
valve controls becomes clogged up then tliere will not be sufficient 
liquid in the float chamber and the engine will misfire on account 
of the deficiency in the fuel supply. If the float needle valve is 
adjusted in such a w-ay that it will close too soon the mixture will 
l:e deprived of gasoline on account of the level being too low in 
the float chamber. About the only trouble that can materialize in 
a mixing chamber is clogging of the spray nozzle with dirt or water 
and failure of the auxiliary air valve to open properly. If the 
spray nozzle is constricted, not enough gasoline will enter the mix- 
ture. If the auxiliary air valve opens too much an excessive 
amount of air will be admitted in proportion to the gasoline, 
whereas if the valve docs not open enough the mixture will be rich. 

How to Test Fuel Level. — After a carburetor has been in use 
for iSome time, wear may exist at the point of the needle valve or 
at the needle valve seat, or there may be some depreciation in the 
fulcrum joint of the lever connecting the float with the needle 
valve. A good way of testing the float level is shown at Fig. 189, A. 
The float chamber of the vaporizer is held in a vise and gasoline 
is allowed to flow from a small can which is joined to the ftiel inlet 
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pipe by a piece of rubber tubing. The gasoline ■vriJl flow from this 
can into the float bowl and raise the float as the chamber fills. The 
level of the gasoline should be just a little below the top of the 
.stand pipe in the mixing chamber. If the level is too high, this 
will be evidenced by a liquid overflowing at the standpipe, if it 



Fig. 189. — Outlining Method of Testing Carburetor Float Level, Clearing 
Out (logged Fuel Inlet and Showing Proper Way of Connecting 
Gasoline Pipes. 


is too low this condition may be easily ascertained by inspecting 
the height of liquid in the jet. If one suspects that the jet is 
dogged or that the gasoline feed connection on the float bowl is 
constricted by dirt it is a simple matter to clean the passages out 
by using a compressed air hose as shown at Fig. 189, 0. 

The spray noazle of most carburetors may be unscrewed and 






372 Automobile Itc pairing Made Easy 

rcniovetl for c^leaiiijig; this will not bi^ necessary if the com- 

pressed air is utilizcid as shown. The repairiuan or motorist often 
finds it iK.'cessary to nmiove the fuel feed i)ii)(; from the carburetor 
and it is often noticed tliat after this is replaced a sliuv leak will 
develop around tlm joint. It is not diflicult to connect the coupling 
if this is ])roperly done, l)iiL it is important that the nut of the 
(?ouplirig is started evejdy on tlie threads of ihc joints. The nut 
is often lightened when it is cross threaded and sometimes, even 
when suceessfujly started it must he screwed all «)f the way home 
with a wreiieli due to cramping of the ])ipe. Tlie right and wrong 
ways of connecting a F(‘0<1 i»ipe are shown at Fig. ISf), 1) and E, the 
former indicating wliat to avoid wliile tlie latter sliows tlic correct 
method. The illustration 1), shows why the novi(;c often fails to 
make a proper eoiineetion and succeeds only di marring the first 
two or three lluvads of the joints. Tin* lowir illustration E, sliows 
the joint properly made. Tlie secret is to secure proper alignment 
of the components before inaking a connection. If after having 
properly aligned the parts and screnved llie nut fairly tiglit, the 
joint should leak slightly, do not ex(*rt umlne strain on the union 
in an endeavor to make a tight connection, but loosen it and ap])ly 
common yellow laundry soap to the threads and screw it hack in 
place. 

J E a pipe is a short one and there are two couplings, it is well 
to loosen both unions and start the nuts at each end at the same 
time, screw'ing tlumi down together. In this way a tube bent in 
; several places, which tends to shorten it, may be straightened witli- 
;■ out straining any of tlie threads on the joints and besides it is al- 
; ways easim' to center a loose pipe and start the nut correctly on 
■f the thread than to try and line up a pipe fastened rigidly at 
.. one end. 

* It is not alw^ays iuM.*essary to gauge* tlie distance between the 
'' top of the spray nozzle and the fuel it enritaius in order to deter- 
^ mine if the float level is at tlie correct point. With a 1914 Cadillac 
^ eai’buretor, tlie lev(‘l of llie fuel is tested by removing the bowl 
\ or float chamber from the carburetor, taking out the spraying 
I nozzle and attaching tlie bowl to the fuel supply pipe. When the 
Si chamber is held in a perfectly level pKisition tlie distance from the 
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top of llie float bowl io tii(j gasoline should be from .6562 inch to 
.7187 inch. If less than the first named distance, correction may 
be made by bending down the arm A, sliown at Fig. IIK), B, slightly.' 
If the float has to be removed, shellac the screwr at B, to i)revent 
it working loose when replaced. U is sorni.'times necessary to ; 
grind the float controlling needle valve to a new’ seat. This may . 



Pig. 190. — How to Set the Automatic Air Valve and Float liever in 1914 

CadiUac Models. 

be easily aceorn [dished by using a very tine abraave, such as grind,! 
stone dust. 

With many carburetors au auxiliary air valve* is utilized, it' 
function being to 0 [)eJi as the motor speeds up to supply more ai’ 
to the mixture. The suggestion for testing tluj air valve of th' 
Cadillac carburetor illustrated at Fig. 190, A, is as follows: 
move the small cover over the air valve by taking out tw'o sraa^;^ 
screws retaining it to the hotly of the carburetor. Next, take oij 5: 
the small split pin near the top of the air valve stem and removj; 
the latter complete with stem from the adjusting nut. Hold th, 
air valve as indicated in the sketch and measui-e the distance froM 
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3ie leather face of the air valve to the underside of the collar on 
Bie air valve stem, which should be about 1%6 inches. If the dis- 
'tance is more than this it shows that the air valve spring is weak 
ind a new one should be substituted. 

Relative to tlici position of the float it is soinetiuies possible 
that too high a level of fuel is due to the float being lieavy, which 



Fig. 191. — Showing Points in Garburetion System where Air May Leak 
^ ' In and Cause Faulty Carhuretion. 

p 

I’fesults when it absorbs a certain amount of fuel. This, of course 
'Applies only to cork floats. Before bending the arm to which the 
tioat is attached, remove that member and dry it thoroughly. Then 
jive it one or two coats of shellac. In some types of carburetors 

is possible to alter the level by adjusting the float and to ascer- 

rt: . . * « ’ 


Influence of Air Leaks 875 

tain when this is correct hy comparing the level in the glass float 
howl with a line etched on the float howl wall. 

Influence of Air Leaks. — If any difficulty is experienced in 
tlirottling down, that is to say, if it is impossible to have the motor 
run steady with the throttle clo.sed without using a rich: mixture, 
one may assume that the trouble is diu; to air leaks wdiich dilute 
the mixture. There arc a number of i)oints about a motor where 
the leakage may he manifested. The main points are indicated at 
Fig. 191, A. Air may enter through leaky gaskets eitlier where 
the carburetor fastens to tlie manifold (5r where the manifold at- 
taches to the cylinder casting. Leaks at these points arc hard to 
detect as they only occur when the piston is going down in the 
cylinder to suck in a charge of gas. Air leaks may also be i)rosent 
around the compression relief or priming cocks where they screw 
into the cylinder, at tlie valve chamber cap threads or around the 
spigot joint of the rel(!ase cock. Leaks are also apt to malorialize 
around the spark plugs where these scivw into the cylinder or be- 
cause of defective packing in llie spark plug body itsel?. Loakfc 
at this point will be clearly evidomted by oil deposits around the 
leaky portions or if the leak is serious by a hissing noise. Under 
these conditions it wdll be evident that unless tJiat carburetor is 
adjusted to supply additional fuel to compensate for the air leak- 
ing in that the motor will run irregularly and that it Avill only 
run evenly when speeded up so that the suction draws in the re- 
quired amount of gasoline. If ^.he mixture is set rich at low speed 
to compensate for the air leaks, it will be too rieh at high speeds. 

The air le.ak may bo around a defective gasket as shown at Pig. 
191, B, or due to a loosened retaining screw which permits the 
» manifold flange to spring away from the cylinder to some extent 
or the leak may result from a defective inlet valve stem guide bush- 
ing as showm at C. If the exhaust valves do not scat properly, as 
indicated at E, a certain amount of burnt mixture will be drawn 
iti from the manifold which will mix with the fresh gas and dilute 
it just as air would. Air leaks may he easily tested, by squirting 
oil or soapy water around the points suspected of being at fault. 
If any leaks exist they will lie noted by bubbles in the liquid. If 
^ there is "a leak on the suction stroke the liquid w’ill be drawn into a 
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erevicc wliilo the leak will show on the comprosaion stroke by 
blowing? llui liquid i\wi\y from the crack because of the escaping air. 

Ill cl(*aiiiiig a badly sooted spark plug it is sometimes necessary 
to dismantle it. In reassembling, one may fail to screw down the 
packing gland tight eiiongli against the shoulder of the porcelain 
to have that member gas tight. If the leak is around a threaded 
member such as a petcock or valve chamber cap the faulty piece 



Fig. 192. — ^Method of Cutting Inlet Manifold Gasket. 

should be removed and the threads coated with graphite pipe com-'^ 
pound and roplaeed. If the gaskets or packing members are at 
fault, it is a sim])le matter to replace them. The air leaks are 
sometimes due to blow' holes in a cast aluminum manifold or to 
leaky joints in a brazed, built-up tubular manifold. The only way 
they can Ixi detected when in these members is by painstaking 
search ^dth oil or soaiiy Avater as previously outlined for testing 
petcocks and. valve cliamber caps. 

Cutting a gasket is not a dilficult operation if tins is to be^^ 
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made of some sheet packing, sueli ns asbc'stos (jr rubber. TUo 
methods outlined at F\^. 192 for nuirking out :uj(l eultiiig a gasket 
by using iJie manifold itself as a guide, are those generally em- 
ployed by automobile jepairmen. Tin? usual luoalioii of a gasket 
between the cylinder castuig and manifold is as shown at A. At 
B, the method of tamping out the >shape of the gasket is clearly 
outlined, though hettm' results are ohtaijied by using a ball pceii 
iiammer instead of the forjii shown. After tJie gasket lias been 
marked out, if the material ])ermits, such as can be done with the 
rubber [lackings used und(*r water manifold flanges, it may be easily 
cut to shape ))y using a sharp chisel in the mannej* imlieated at C. 

Notes on Carburetor Adjustment. — The modern float feed car- 
bui'etor is a. d(Tioale and nicely balanced ap[>liaMce that requires 
a certain amount of allciitioii and care in order to obtain the best 
results. The adj list in(‘ ids can only he made by one jiossessiiig an 
iidelligcjit lviJOwU‘dge of carburetor eonstriietioii and must never 
be made unless the reason for clianging flie old adjustment is 
understoo<]. Before taking up the adjustment of tlie loading forms 
of carburetors, a ft‘w hiuts regarding the quality to be obtained 
in (he iiiixtun* should be given .some eonsidm'aliou, as if these are 
proi)erly understood this knowledge will provi‘ id' great assistance 
in adjusting the vaporizer to give u good working projmrtion of 
fuel and air. Tlien^ is some question rt'garding the best mixture 
proportions and it is estimated tliat gas will be explosive in which 
the proportions of fuel vapor and air will vary from one i)art of 
the former to a wide range included between IV ur and eighteen 
parts of the lattiT. A one to four mixture is muc.i loo rich, while 
the one in eighteen is much loo leuji to provide positive ignition. 

A rich mixture should he avoided bc^eause the excessive fuel 
used will deposit carbon and will soot the evlinder walls, t'ombus- 
tion ebiunber interior, piston toj) and valves and also tend to over- 
heat the motor. A rich mixture will also seriously inleiTere witli 
flexible control of the engine, as it w’ill clioke np on low throttle 
and only run well on open throttle when the full amount of giu 
is needed. A rich mixture may be quickly discoviTcd by black 
smoke issuing from the niuflller, the exhaust gas having a very 
pungent odor. If the mixture contains a surplus of air "there will 
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be popping sounds in the carburetor, which is commonly termed 
blowing back. To adjust a carburetor is not a difficult matter 
when the purpose of the various control members is understood.- 
The first thing to do in adjusting a carburetor is to start the 
motor and lo retard the sparking lever so the motor wdll run slowly 
leaving the throttle about half open. In order to ascertain if the 
mixture is too rich cut down the gasoline flow gradually by screw- 
ing dowm the needle valve until the motor commences to run ir- 
regularly or misfire. Close the needle valves as far as ijoasible 
without having the engine come to a stop and after having found 
the minimum amount of find gradually unscrew the adjusting valve 
until you arrive at the point where the engine develops its high- 
est speed. "Wlien this adjustment is secured the lock nut is screwed 
in place so tlie needle valve will keep the adjustment. The next 
point to look out for is regulation of the auxiliary air supply on 
those types of carburetors where an adjustable air valve is pro- 
vided. This is done by advancing the spark lever and opening the 
throttle. The air valve is first opened or the spring tension re- 
duced to a point where the engine misfires or pops hack in the 
carburetor. When tlie point of maximum air supply the engine 
will run on is thus determined, the air valve spring may be tight- 
ened by screwing in on the regulating screw until the point is 
reached where an appreciable speeding up of the engine is noticed. 
If both fuel and air valves are set right, it will be possible to accel- 
erate the engine speed uniformly without interfering with regu- 
larity of engine operation by moving the throttle lever or accel- 
erator pedal from its closed to its wide open position, this being 
done with tlie spark lever advanced. All types of carburetors do 
not Jiave the same means of adjustment, in fact, some adjust only 
with the gasoline regulating lever while in others the mixture pro- 
portions may be varied only by adjustment of the quantity of 
entering air. We wull now consider the construction and adjust- 
ment of various makes of carburetors tliat have received gener&l 
application and that may be considered as standard forms. 

Browne. — At Fig, 193, a novel carburetor of , recent develop- 
ment is shown in which no adjusting means are provide^ arid it 
is said that one size of carburetor will serX'O all motors, the only 
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change being that of the effective auxiliary valve opening -which 
is altered for different motor sizes by the use of a specially con- 
structed busliiug placed above the valve. It is clauned for this 
device that it feeds a fuel and air mixture of constant ratio regard- 
less of speed or load. 

The Browne is a single-nozzle carburetor with a conventional 
float arrangement on one side to which the fuel is fed and from 
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})y oiig:3iio- suction and velocity of aiv past tlie fuel nozzle, feed;* 
additional air in IIh‘ |)roj)(*r proportion to the speed and load re- 
ixardless of barouK'trie conditions 

As shown in illustration 1J)3, the auxiliary air valve is 
located in a cluunher Avhhdi is in conumujicalion with llie venturi. 
rudei'Tioalli the valve is a. sprinjif by iinsuis of which valve return 
is obtained. Above thi‘ valve is a bushing witli a curv(‘d ,surra.<^o 
and as the valve opens or goes downward the valve oj)eriiiig is 
increased. A cover is provided for the valve chamber. Since the 
passage from the valve chamber to the veiiluri ends at a j)oint in 
lijie with the nozzle, any vacuum tending to cause Tiiel flow also 
will act tluvmgli the passage on the auxiliary air valve, tljiis open- 
ing it against spring tcjision. As I he vacuum increases the valve 
goes downward, tlu* opmiing at lln‘ lo]) Ixcomes grc'alcr and more 
air is allow(‘d lo ilow l)et\V(‘(‘n the hiisliing and iJie valve. Thut? 
the vacuum in the small chamlxn* underneath the valve determines 
tile extent of valve ujxujing, and since for a given vacuum there 
is a, definite fuel How, for each rate of Cu(‘J flow then) is a definile 
valve i)o.sitioii. 

In order to prewent flutteidng of the valve and jui excessively 
rich mixture directly after throttle eiosing, a ball is j)laced in the 
passage leading to the vacuum eliauiber. Tliis ball is made of 
bronze and is slightly raised rroin its seat. Wlien the, air valve 
is being depressed the hall oilers no resistance, but wlien the valve 
starts to close a resistance' is int(‘rj)ased, which prevents fluttering. 
Also, wlien the air valve is closed suddenly, due to throttle closing, 
there is a tcndimey for tlie nozzle to feed too much fuel, due to 
inert, ia of the gasoline. It is said that the ball retards the move- 
; ment upward of the air valve in the same proportion as the fuel 
flow is continued, thus maintaining a constant mixture during the 
period of throttle closing. In order to prevent any dirt getting 
between the valve and tlie cylinder there is produced, by means of 
the passage at the right of the air valve, a vacuum equal to that 
. on the fuel nozzle. This vacuum keeps the joint effectively clear of 
all possible obstruction, it is claimed. 

The priming lover shown, when pulled, depresses the float in 
^ the usual way. This floods the float chamber, but when the fuel 
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roadies a certain point it overflows llirougli the duct shown, vvhi<'h 
leads to a ciii)lik(' portion in the primary air intake. TJie iuol is 
cliawn from this cu]) tliroujili the vertical tube shown into the 
vfmturi, where it is sprayed ))y the enterin*;^ air, which is at high 
velocity. Annlli(‘r h aliire of the Browne is the float cliamber 
drain, ^\]lieh is in flic I'orni of a rn^edle valve*. This makes a simi)le 
ooiislructii)n and one rjuile us efTei^iive and more accessible tlian 
some oi' I lie luiderm'atli eonirol cock arrang(‘ineiils. 


1 rikOlTLlL 


CM 
COTLFT 

THROTlLC-i^ 

tPRlMARV’ 

A1 


VENTOK 


AUXILIARY AIR 
INLET. 

BALL VALUE 
auxiliary 

AIR 



AIRVAU'E 

iLOCRiTRlNG- 
AIRVALVE 
REGULATOR 


GAS 
OOTLET-n^K 


lUFLlNLET 
FWAT 



DRAIN COCR. 
MAIN AIR 


NEEDLE VALVE 


Fig. 194. — Anieiican Carburetor Designs that Have Beceived Wide 
Application. A. — Kingston. B. — The Schebler Model E. 


Kingston. — The Kingston carburetor shown at Fig. 194, A, is 
of the pattern having adjustment only by fud regulating noodle 
valve. This is located at the tojp of the carburetor uid screws down 
into the spray nozzle to vary tlie size of the opening providing 
oonimunicatioii between the interior of the jet and the float cham- 
ber. The auxiliary air supply is admitted by a series of ball valves 
of different sizes, these lifting according to the degree of suction 
to admit more air progrcKSsively as the buttei-fly throttle valve is 
opened and the motor suction becomes greater. This carburetor 
is a very easy one to adjust as the mixture proportions are altered 
by a regulating needle. The float is of cork and controls the small 
needle valve through a simple lever of the first class. 

Schebler, Model E. — This is a very popular form of carburetor 
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and has been very widely applied, especially in marine service. 
It was used on many of the early forms of automobiles but has 
been displaced by improved forms. The amount of fud drawn into 
the mixture is altered by a needle valve located at the bottom of 
the carburetor and which regulates the size of the spraying orifice. 
The auxiliary air supply is controlled by a leather valve which 
is kept seated by a coil spring having a tension regulating screw 
to limit the valve opening. As the tension of the spring is in- 
creased, the valve opens less owing to tlie augmented resistance of 
the spring. When the spring tension is reduced the air valve will 
open wider and allow more auxiliary air to flow into the mixture. 
It will be noted in both of the carburetors shown at Fig. 194, that 
the primary or main air opening is not variable. This is set to cer- 
tain proportions determined by experiment when designing the 
oarburetor. 

Overland-Schebler. — The device outlined at Pig. 195, is one 
of the most recent developments of the Scbcbler carburetor and is 
the form used on some models of Overland cars. The internal 
construction is clearly shown at A in the sectional view, while the 
external jjarts are plainly outlined at B. The instructions for 
regulating this carburetor are as follows; First, seat the needle 
valve, which is indicated as A in the sectional view, by turning 
the adjusting screw to the right until it stops. Do not use pressure 
on the screw after it meets with resistance. Then turn it to the 
left about a turn and a half and prime or flood the carburetor by 
pulling on the priming lever and holding it for about five seconds. 
Open the throttle by moving the throttle control lever about two- 
thirds across the quadrant. Start tlie motor, then close the throttle 
slightly, retard the spark, and adjust the needle valve adjustini^ 
screw in and out until the motor runs at the desired speed and 
hits regularly on all four cylinders. When a good adjustment, 
lias been secured for low speed with the motor running idle do 
not alter the needle valve adjustment any more, but make tiie 
intermediate speed and high speed adjustments on the dials sho’^. 
First adjust, the pmnter on the intermediate speed dial moving 
from the figure 1 towards the numeral 3, and setting it about half 
way between. Now advance the spark lever and open the thn^tle 
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Fig. 195. — ^Vlews Sliowing Constructiou of Late Model ScbeMex Carbuietor. 
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so the roller running on the track below the dial is in line with'^ 
the intermediate speed adjustment dial. If the motor backfires 
with the throttle in this i)Osition, and the spark advanced increase 
the gas supply by turning the ijidieator a little more toward the 3 
on the dial, or if the mixture is too rich, cut down the gas supply 
by turning tlie indicator back towards tlie nunuu-al 1 on the dial ' 
until satisfied tliat tlie motor is running sti^adily at the intermediate 
position of the throttle. Finally, open the throttle wide and make 
the adjustment with tlio high speed dial for liigli speeds in tho^ 
same manner as you have made the adjustment for tin; intermediate 
sj)eod. In adjusting tlie carburetor by this metliod there is a ten- 
deney to give* loo rich a mixture. Tlu'refort^ it is advisable when 
making these adjustments to cut down the gasoline ueijdle until 
tiie motor begins to misfire*, and then to ijicr(‘ase tlie fuel suy)ply 
gradually until the motor hits evenly on all rour eyliiulers. The 
auxiliary air valve regulating screw should also be adjusted in 
03‘der to secure the best valv»* openings for high motor siieeds with 
tlu* wide ojx’ued throttle. For average ruuniug a mixture loan 
iJi gasoline will give more power and greater s])eed than a rielfcj 
mixture, but it will be Jiarder to stari the motor Ilian if the richer' 
mixture is employed. 

Breeze. — The Brt'eze carburetor, which is shown at Fig. 196, is 
of a conventional pattern having mixture proportion regulation 
by needle valve adjustment for controlling the fuel supply and 
auxiliary air valve springs tension adjustment for varying the 
air admitted. The needle valve is controlled by an adjustment 
screw at the side of the carburetor in one type which is unscrewed 
to permit the needle valve to rise out of the spray nozzle and 
screwed in to depress it into the spray nozzle opening and cutH 
down on the amount of gasoline sucked into the mixture. It will 
be noted that an air shutter is placed in the mouth of the primary 
air opening, the purpose of this being to facilitate easy starting 
when it is partly closed to produce great air velocity by the spray 
nozzle. The Breeze carburetor shown at Fig. 196, B, operates on 
practically the same principle as that outlined at A, except that 
it has a side opening through which the mixture is supplied the 
moto** and ihc gasfdine regulating valve is at the top of the car^ 
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Pig. 195a. — Views Showing 1916 Model Schehler Carburetor Having Mechanical Interlock Between Air Valve 
and Fuel Begulating Needle^ also Dashpot to Prevent Air Valve Fluctuation. 






386 


Automobile Repairing Made Easy 

buretor instead of at the side, as is also true of the auxiliary air 
valve. The fuel supply is regulated by a metal float which oper- 
ates the lever to shut off the main fuel inlet control valve. 

■ The following instructions are given by the makers of the 
Breeze carburetors for adjusting their device : Before changing ad- 
justments allow the motor to run awhile, heating it to obtain nor- 
mal conditions. Advance spark about to center ; then open throttle 
very slightly and adjust your gasoline (iigured dial) until the 



Fig. 196. — Sectional View Showing Construction of Breese Oarhutetor. 

highest speed is obtained with this setting ; then open throttle wide 
and adjust the auxiliary air by either raising or lowering the i 
adjusting stem on the air valve. If the motor speeds up immedi- 
ately, auxiliary air is correct; if motor fires back through car- 
buretor on high speed, it indicates excessive air, and adj^ing' 
stem should be drawn up ; if slow in picking up, it indicates a ‘ 
scarcity of air; in that case, lower the adjusting stem. From thr^r 
quarters of a turn to a turn and one-qnarter is. the usual opening 
of the .needle valve required. Screwed hll the way down it :is, 
closed. To open it. turn backwards. With the thretile and spark 
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stationary^ the correct position for the needle valve in any case 
is that at which the engine runs fastest. 

If, at the highest speed, the motor picks up perceptibly when 
the auxiliary air valve is pushed further open, then more air is 
needed. To adjust the auxiliary air valve, loosen the air valve 
adjusting wing nut, turn the stem to the left to stiffen the spring 
and decrease the air, to the right to weaken it and give more air. 
Be careful, in weakening the spring and giving more air, not to 
weaken it so much that the valve does not seat. Air must not get 
in on low speeds or starting tv ill be almost impossible. Lock the 
adjustment" securely. 

With the carburetor of the i>roper size for llie motor, as indi- 
cated by the manifold pipe, if enough suction is not obtainable 
to open the auxiliary air valve, with the spring at its lightest ten- 
sion, and the motor at the highest speed, then a smaller strangling 
tube should be used. With the conditions reversed from those just 
described, if the auxiliary air valv(» spring has to have too great a 
tension to produce the proper results on higher speeds, then a 
larger strangling tube is needed to decrease the suction at that 
point so that the spring can automatically regulate the proper 
amount of air coining through the valve as the throttle opens for 
high speeds. The spring in the auxilijiry air valve should never 
be of so stiff a tension that with the throttle half way open the 
auxiliary air valve remains closed. The auxiliary air valve should 
commence to open with the throttle to produce the best results. 
After a change of strangling tubes to meet the above conditions, 
it will be necessary to readjust the gasoline needle valve for low 
speeds. 

To adjust ^for throttling down tlie engine to its slowest speed, 
set the throttle on the steering wheel at its lowest point, loosen the 
throttle lever lock screw, and with a screw driver turn the throttle 
stem carefully closed till the engine runs slowly enough to suit you* 
The Aot cut in the stem shows the way the throttle is set. See that 
all joints between the carburetor and motor are tight. Frequently 
where the motor picks up slowly with throttle open, a weakei' 
spring will improve matters. Be sure the primer is on the same 
sid6 of the carburetor as the gasoline inlet, so the primer plunger 
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presses dawn the float lever instead of tlie float. The float feed 
mechanisrn is correctly adjusted before leaving the factory. Flood- 
ing is caused by dirt on the inlet valve seat, or a poorly seating 
inlet valve, resulting from improper handling after carburetor 
leaves factory. Tliorefore, look for dirt and do not try to change 
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Fig. 197. — Stromberg Two Nozzle Carburetor. 

float level. Never grind inlet valve ivith emery; this ruins the 
seal and the VcqIvc. 

Stromberg. — The KStromberg carburetor shown at Pig. 197 is a 
form having two spray nojizles, and with a glass wall float chamber 
carried at one side of the mixing chamber. In this carburetor the 
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of the fuel in tlie float chamber may be varied by a float 
level regulation member, and it is not difficult to determine the 
proper height as a mark is etched on the glass walls with which 
the level of Ihpiid must coincide. The spray nozzle is provided 
with a needle valve to regulate the amount of gasoline sprayed 
. into the mixture. The secondary iiozzh* is controlhid by a needle 
which is raised from its seat when tlie auxiliary air valve is sucked 
down due to greater suction produced by increased tliroltle oper^ 
ing. Tlio valve controlling the auxiliary or secondary jet is lifted 
d\v a bell crank and tlu* aiiiouul of oj)ening relativ** t(j tiie travel 
of the auxiliary air valve is determined ))y tlie position of the 
adjusliiient nut carried on the llireaded cud of tlie air valve stem. 
The amount of air valve opening is r(‘giilated by altering the spring 
tension which, tends 1o keep the valves clos(*d. 

A ^tromherg carbnre, )r of more recent devi‘h)pnient, whieli is 
kno^ M the 11. A., is shown at Fig. 108. lii the !u*w Strombergs 
the motor is fed the ])ro[)er mixture below 20 miles per hour from 
the low-speed jet with air fi*om the primary intake and above tliat 
si)eed the auxiliary air valves come into action, and with it the 
f secondary nozzh*, which is intereonnected w^ith the air valve. When 
the car is running less tlian 25 miles p(*r hour the low-speed nozzle 
only feeds the fuel and above that speed the dashi)ol comes into 
play. The piston shown is .01 inch smaller than its chamlwr, and 
the fuel entering must work its way around the* piston. Intcgj-al 
with the piston is a sleeve to wiiieh is attached the air valve. 
Within the sleeve, is tlu^ soeomlary needle, which rests upon a seat 
showm and has at its upper end a button. The spring within the 
sleeve hohls the needh* in position. Should the air valve open, 
^ it carries with it the needle and at the same time forces the piston 
downw^ard against gasoline pressure. However, the needle travels 
only through the distaneo AB. This is true because movement down- 
w^ard of the air valve carries the needle, but as soon as tlie button 
strikes the nut B it will stop. While the needle is held stationary 
the valve may continue to move, and so move the seat away from 
the valve. 

In action the piston compensates for lag in the fuel. That is 
'when the throttle is opened the air valve is not allowed to open 
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quickly, and thus cause poor carburetor action, but instead acts y 
against the fuel in the chamber and opens slowly. 

When the fuel is in the chamber and the secondary air valve 
is opened by increased suction, fuel makes its way up through the 
holes at the top of the piston, and thence through the sleeve to the 
tube integral with the air valve. The fuel leaving this tube is. 



Pig. 198.— Latest Model of Stromberg Two Jet Carburetor with Dasb 
Pot ControUing Air Valve Movements. 

carried away with inrushing auxiliary air and forms the high- 
speed mixture. One important feature of this carburetor is right 
in this construction which prevents the secondary fuel spray f^om 
touching any metal as it leaves the tube, and also getting better 
mixing by having the fuel meet the air which is at high velocity. 
The primary nozzle adjustment is in the form of the handle diown 
ami the secondary by moans of the knurled nut at the top of the 
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air valvo. The dash adjiistrnent, a series of levers, not only lifts 
the secondary needle from its seat, but also locks the auxiliary 
air valve, so that on startinj^ the en<?ine gels a good mixture with 
Ihe air supply shut off entirely, provided the primary air intake 
is closed by the butterfly valve. 

Holley. — A form of carburetor in whioli no auxiliary air supply 
is ])rovided is shown at Fig. Ifl!). This is a concentric float and 
mixing chanibfr form and the only adjustment possible is by the 
needle valve which regulalos tlu* amount of fuel [)jussing ‘through 
the standpipe or spray ii(»zzle. At low engine sp(*eds or when the 
tlirottle is closed enough gasolim' is drawn from tlie well J to the 
strangling tube J to insure snflieiently rich mixture to make for 
easy starting or to pi’o\ i(lo just enough gas for idling the motor* 
All the air must ejit r tlinuigh the main air inlet, and before pass- 
ing out of the mixing cliambor it must flow into the tube L by 
m<‘ans of the annular passage F, and must brush by tlie spray 
nozzle SI with considcrahlo velocity, insuring positive feeding of 
fuel due to the pronounced suction effect of tlie rapidl.v moving 
ctilumn of air. In tliis carburet w the needle valve is set to pro- 
vide the best mixture when the throttle valve is fully opened. 
The mixture jiroportions at all other engine speeds arc said to be 
regulated perfectly by the degree of engine suction due to the 
peculiar design of the mixing ehairiber. 

Krice. — Tlie Krice carburetor, tvhicli is sliowm at Pig. 200, is 
veiy popular in marine work and oi>erates to some extent on the 
same principle as the Holleys carburetor, the differenee being mainly 
in the method of spraying the fuel. Instead of a spray nozzle 6f 
the usual i)attern, the gasolim^ is s]>re}ui in a tliin sheet in an 
^annular opening between the bottom of the mixing chamber and 
the gasoline vaporizer, and as all air passing through the air inlet 
must swxH'.p across the face of this vaporizer, it is apparent thatf 
it will become iminrgnated w ith gasoline vapor. The amount of 
fuel may be regulated by a gasoline adjustment needle, no source 
of auxiliary air being provided. 

Zenith. — The Zenith carburetor shown at Pig. 201 is a type 
utilizing a compound nozzle instead of the single spray nozzle in 
the forms nrcviouslv described. A sectional view through the mix- 
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Tig. 199> — Sectional View of HoUey Carliufetor. 

ing chamber is shown at A, while the arrangement of the float 
mechanism and a sectional view of the compound nozzle is clearly 
outlined at B. The principle of operation is as follows: The ordi- 
nary nozzle, or main .jet, is shown nt O. and roccives gasoline from 
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Fig. 200. — Showing Construction of Krlce Carburetor. 


the float chamber through tlie channel hole E. It is .surrounded 
by the cap jet H, which receives gasoline, through channel hole K, 
from a well Q, open to the atmosphere. This well Q receives a 
measured flow of fuel through tlie “compensator” I, which, as is 
easily seen, is not subjected to the suction of the motor, and has, 
therefore, a constant flow. This compounding of two nozzles, hav- 
ing different and opposite qualities, is the main characteristic of 
the Zenith principle, and it gives in this new type the same com- 
pensation as in the vertical types. 

The slow-specd arrangement used in this type differs slightly 
from the one used previously. It might be termed a “miniature 
carburetor,” and it is made up of the idling tube J, terminating 
in a cone, into which the idling jet P can be screwed up more 
or less by means of the knurled adjusting tube 0, the air entering, 
through holes in this latter part. The mixture formed at this point 
follows a channel Z, drilled in the carburetor body, which opens 
near tire throttle; it is there mixed with^thc air passing through 
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Fig. $i01.^View Showing Construction of New Zenith Carburetor. 
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tlu' throttle*. When the throttle is only slightly open tlic suction 
th(*re is powerful and atomizes the gasoliuc pcrJEccUyi ^Yitll 0 
throttle a little more opened the componiul nozzle comes into play, 
and this miniature carburetor has no longer any effect. This slow- 
speed adjustment does not interfere with the action of the car- 
buretor at medium or high speeds. This carburetor finds its appli- 
cation mostly in the ease of monobloc engines where the intake 
passage is cored 'U and passes in tJic center of tlie bloc,- from the 
valve side lo the opposite side. This couslrucliou brijigs the car- 
buretor at a point which is otherwise unoccupied; it removes one 
obstruction in front of the tappet covi.rs, and, the carburetor being 
higher than usual, interferes less with the other motor accessories, 
in most cases at l(*ast one bend in the intake passatrc's is eliminated, 
and it is Avell kjiown that a bend creates more resistance than the 
same length ol‘ straight path. It show’s how hot air, taken also 
tJirougli a cored i)assage in the eylind(‘r, is conveyed to the car- 
buretor. A little fiap, actuated from tlie dash and ahowm in the 
picture in a full open ])osition, may be partially closed, when all 
tlm air entering ihe carburetor will be reheated air; by pulling the 
control rod completely the flap goes farther and chokes the car- 
buretor, thus causing the forination of an excessively rich mixture,, 
which is useful for starling a cold motor in severe weather. 

Rayfleld. — The views at Fig. 202 show the Rayfield carburetor, 
that at A being an exterior view showing all parts to be consid- 
ered in making an adjustment while the interior construction is 
clearly outlined at B. To make adjustments on this carburetor 
the following mode of procedure is observed : First close the needle 
valve. This is done by turning the fuel adjustment to tjie left until 
the screw leaves contact with the regulating cam, which indicates 
that the needle valve is seated. Then turn the fuel adjastment 
screw to the right for about one and one-quarter turns. The motor 
may now be started. For more fuel turn the fuel adjustment 
screw to the right and to decrease the supply turn it to the left. 
This adjustment can only be made at retard or low throttle. Hav- 
ing found the right fuel supply for running slowly, open the throt- 
tle. If backfiring occurs, turn the high speed adjusting screw to 
the right, which increases the supply of fuel at open throttle. To 
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Tig. 802. — ^Details of the Bayflold Culnttotor. 

. docreaoe the* fuel supply at high speeds turn the high spoi^d ad- 
1 justing sefew to the left. Far adjusting the thr<Htle owning, use 
'.,a screwdriver to turn the screw in the slop arifii. 


Ray field Carburetor Adjustment 897 

After tbjS right fuel supply has been found for both low and 
high speeds, the throttle sliould be opened slowly. If backfiring 
should occur between low and high speed turn the automatic Mr 
adjustment to the left. This increases the tension on the springs 
which control the automatic air valve. The automatic air valve 
adjustment disk is generally set so that the large spring on the 
automatic valve has about ’Aodnch play between the adjusting disk 
and the cap. After tJie above adjustments are made, in order to 
prove that you have proper fuel supply, press with the finger oti 
the automatic air valve, allowing the motor to draw in surplus 
air. If motor speeds up this indicates that you sliould use a leaner 
mixture or that you are not getting enough air. The automatic 
air valve adjustment disk should be turned to the right until the 
motor begins to reduce speed or backfires. Then turn the disk 
back again to the right until the motor runs smootltly. This should 
be done with throttle about one-eighth open. 

Automatic Speed Regulators. — On some forms of automobiles, 
especially those adapted for commercial work, such as taxicabs and 
motor trucks, it is desirable to provide means for keeping the motor 
from exceeding a certain predetermined speed. This is usually 
accomplished by some form of governor acting on the thfottiie 
which regulates the amount of gas supplied to the engine. Some 
of the governors are driven directly by the motor, others are in 
mechanical connection with some moving parts of the vehicle. 
There are very few pleasure cars at the present time that have 
an automatic speed governing means as the imt>rovement in car* 
buretors has been such that it is possible to secure close regulation 
of the engine by the usual accelerator pedal or hand throttle lever. 
A hydraulic governor is used in some models of the Packard .truck, 
this consisting of a chamber carrying a diaphragm against -which 
the stream of cooling water from the circulating pump imping^ 
'When the speed of the engine becomes too great, it is apparent 
that the flow of cooling water will be more rapid, in which CMC 
the pressure against the 'diaphragm may be sufficiently great to 
close the carburetor throttle and thus reduce the engine speed. 

A form of automatic speed governor which may be mechanically 
actmated by a flexible shaft connection from the vehicle road wheela . 



m 


Automobile Repairing Made Rasy 


or from £jomo rotaliug part of the traumiiisdioii moclmuism or power 
plant is shown at Pig. 203. This is intended to be carried at one 
side of the intake manifold and i^egulates the throttle shutter by 
centrifugal force. The drive shaft mounted on ball bearings car- 
ries a governor of such form that as the weights spread apart, duo 
to augmented motor speed, they will lift a plunger which raises 
a bell crank that trajisfers the vertical movement of tlie governor 
push rod to a horizontal movement of the throttle actuating rod. 
The throttle shutter stem is in the form of a j)inion ^vhicll meshes 
with a rack carried hy the throttle actuator. The function of the 
coil spring at the end of the actuator is to ke(‘p that member drawui 


THROTTLE SHUTTER 



Pig. 203.^Centrlfugal Oovemor Used to Cut Down Gas Supply and 
Prevent Exceeding Predetermined Motor Speed. 
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back and tha tlirottlo open. Wlion the volnclo spofid becomes 


liiglier tlian that for which the device is set, the l)cl] crank will 
be raised by the weight actnated plunger and the throttle valve 
closetl until the engine speed, whicli is reduced as the gas supply 
is diminished, slows down tfio fast running vehicle. If desired, 
it. is possible to drive the governor Ironi llie engine shaft, in which 
ease it will regulate engine speed rather than be actuated by 
llie veliieh^ speed. An a<ljiistnuMi1 is provided at the top of the 
deviee by whieh it may be S(‘t for various spe^r'ds as desired. 

^ Systematic Location of Carburetion Paults.- IIavirig once 
learned how to adjust a carhureLor to suj>ply the pro[)ei‘ly propor- 
tioned mixture for different operating eomlitioiis, the repairman 
will realize that he has found a remedy for many motor ills, be- 
eause a largo i)ro])orti()n of motor troubles, sueh as misfiring, back- 
firing in the carhurelor, loss of power, etc., are genei-ally due to 
some faulty adjustmejit. ''Fhere are, to Ixj sure, a number of other 
troubles likely to occur, and while the s^uiiploms are similar to 
those caused by ignition system faults, the operator who is familiar 
with carburetor action should liav(‘ no Irouhh' ii\ locating them 
► quickly and aaciTlaining i)ositivply if tliey are the result of faulty ; 
earburelor action or due to tla^ ignition system. Taking np the^ 
various causes which contribute to loss of poW(U’, misfiring and 


troiibh* in starting the motor, we have: dirt or water in the car- 
buretor, clogged fuel pipe, ohstrueted spraying nozzle, clogged gaso-^ 
line filter, h'aky metal fioat or fuel logged cork float, poor or stale' 
gasoline, a loose throtlli^ valv(* or connect ion and air leaks in the 
inlet manifold. If tlie motor refuses to start aid the ignition 
system is known to be in good condition, the find tank may be 
jemptied, the gasoline line shut-olT valve cIoscmI (it may jar partly 
A)r wholly in the ‘‘off’' position), there may he dirt or water in 
the carburetor or a choked fuel pipe, or perliaps the fuel level is 
too low in the lloat chamber. As a cold motor and stale fuel are 
the most common hindrances to prompt starting, the first step is 
to prirtie the carburetor and fill the float chamber with fresh gaso- 
line. Almost every carburetor is provided with a tickler,” and 
in most cases priming is all that is needed to supply gasoline 
enough to insure prompt starting of the motor. 





However, if the motor still refuses to operate the trouble iy_ 
d^per seated and should be found by a systematic search. To'^ 
locate the trouble without undue delay the various parts of the 
fuel system should be examined in turn, First, the tank should 
be looked into to see if it contains sufficient fuel. The filter screen 
of the carburetor should be removed and cleaned, since the fine 
mesh is very likely to become clogged with dirt or lint filtered out 
of the fuel. If the wire gauze is in good condition, examine the 
pipe line for obstruction. Test the supply pipe by opening the 
drain cock under the float bowl of the carburetor; if the pipe is 
constricted, but little or no fuel will be forthcoming. If no gasoline 
^ues and there is plenty of fuel in the tank and one is sure the 
drain cock is not slopped up, it is reasonable to assume that the 
supply pipe is choked and it should be removed and cleared out as 
previously described. If the obstruction is not in the pipe it may 
be located in the shut-off valve, or perhaps in the fuel line filter. 

An obstructed spraying nozzle or jet will sometimes be found 
the cause of trouble, as the opening in this standpipe is very small, 
even a tiny particle of for(»ign matter will be enough to constrict 
the orifice and so deprive the motor of the proper amount of fuel.'^ 
Flooding the carburetor will sometimes dislodge the obstruction, 
but if it does not the spray nozzle should be removed and a fine 
wire poked through from one end to the other. Compressed air 
may be used as previously outlined. Pine particles of lint, some- 
times w'ork through the strainer and collect into a ball, which floats 
about and is drawn into the nozzle by the suction of the engine. 
In cases of this sort the motor will start easily, but invariably 
commences to misfire, slow dow'ii, and finally come to a stop. This 
peculiar behavior is caused by the greater suction at high speeds 
which draws the foreign matter in. the jet and so chokes the bore,^;' 
but as the motor slows down and the suction decreases the ob- 
a^uction will fall away from tlie jet opening. It is sometimes 
possible to remedy this trouble by racing the motor and opening 
the throttle valve suddenly, which will give momentary increased 
suction, often sufficient to suck the particles of lint through the 
iipzzle opening. 

It may be observed that in those carburetors where no fpel rejgu- 
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latisg means is provided, that the height of liquid in the spraying 
jet is an important adjustment. The repairman should not be too 
hasty about altering the position of the spray nozzle in the mixing 
ehamber. If the jet is placed too high the fuel level will be con- 
siderably lower than it should be, and while the nozzle will then 
feed enough gasoline for high speeds, owing to the increased suc- 
tion, the vacuum created at low velocity will not be sufficient to 
draw up the required quantity of fuel. On the other hand, if the 
nozzle is placed too low, the fuel level will be raised unduly and 
the carburetor will sliow a tendency to flood. As the proper ad- 
justment can be deterniinod only by exi)orinienting, when the nozzle 
is so adjusted that the motor will get the proper amount of fuel 
at both high and low luston speeds the spray jet should not be 
disturbed again. The only way it is possible to raise the nozzle 
is by inserting thin washers made of brass or copper shim stock 
between the si)ray nozzle and its seat. The only way the nozzle 
ean be lowered is bj" removing the paekijig washers, sometimes 
placed between the nozzle and its seat in the mixing chamber. 
Alteration of nozzle position is work for the carburetor expert orily. 

If the repairman noliees continuous flooding or dripping of 
the carburetor, this indicates either a badly sealed needle valve, a 
leaking metal float, or a fuel-soaked cork float. If the float control 
valve itself is at fault, tliis is probably due to poor seating. The 
valve should he carefully ground in by using a small amount of 
powdered grindstone dust and oil. When doing this work, care* 
should be taken to kee]) the valve stein in a vertical position, and 
when finished both the valve and its seat shoul 1 be smooth and 
bright. If the valve spindle is bent, remove the float, place the 
bent spindle on a block of wood, carefully straighten it with a few 
taps from a light hammer. Tliis applies more to the form of 
valve passing through the center of the float as indicated at Pig. 
201, B, than to the type shown at Figs. 199 or 200. In cases of 
continual flooding examine a metal float for minute holes or leaky 
seams, which must be soldered up. Owing to the extreme thinness 
of a hollow metal float, care must be taken to heat the metal as- 
Uttlc as possible. As instructions will shortly be given for repair- 
ing mletal* floats and finding the leak, no trouble should be experi* 
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enced in making repairs to this member. Tlie use of hard or silver 
solder, which requires a blow pipe or torch, should be left to those 
snflBcieuLly skilled to manipulate tlie lieatirig ineniber properly. 
In order not to disturb the baUuicc of the float, only a little solder 
should bo used, and care sliould be taken thal none drops inside 
the float sluill. 

Mention has been pj*eviously made of tlie way a cork float will 
gradually absorb the liquid owing to its poi-ous nature and how it 
will lose its liuoyancy when it is fuel soaked. The remedy is a 
sim])le one, the coi-k ladrig placed in a moderate oven so it will be 
thoroiiglily dried out and afterward it is given a couple of coats of 
shellac to mak(‘ it liquid proof. It will he found that shellac dis- 
solved in grain jjleohol will resist the action of gasoline better 
than that dissrdved in wood alcohol. In some eaihnretors, the 
float is carried directly by the iiccdle valve s[)indle. which has 
tlie valve at the top so that it may close the fuel opening when 
the gasoline reaches the proper level If the level is too low the 
float may be shifted on this s[)iiidle to ridi» at a slightly higher 
level which permits the float eliamher to fill up mon*. If the float 
level is too high the float may he lowered on its spindle in ordtu’ 
to close the valve sooner or wdien the float chamber has less gaso- 
line in it. 

A cause of trouble in wliicli no control of the motor may lie 
had by moving the llirottlc lever is due to loose tlirottle connec- 
tion. It sometimes hajijjeus that the sot screw used to fasten the 
butterfly or disk valve to its spindle becomes loose and allows the 
shutter to sliift about and thus jiartially or wdiolly close the open- 
ing. In this case tlie motor cannot be speeded u]>. If the valve 
drops into the pipe in such a w'ay that it docs not obstruct it to 
any exieiit it will be found impossible to slow dowm the motor as 
there is no means of cutting off tlie supply of gas to the cylinder. 
If the mixture volume is controlled by a sliding shutter as in the 
Sehebler model E carburetor, shown at Pig. 194, B, tliis may 
stick in either the open or closed positions, in one case permitting 
the motor to speed up to its limit, in the other extreme it wdll pre- 
vent speeding up. Troubles with the throttle valve or connections 
we easily recognized because the motor will refuse to respond to 
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the Tuovement of the hand lever. An uncommon source of trouble 
may be a bit of stray uaste l(»ft near the intake opening or the 
primary air supply when cleaning the motor. This waste may be 
sucked into Die air o^'iening and will cause trouble by reducing 
the amount of air supplied the mixture. Air screens also clog 
with dirt at tim(‘s. 

It is a fact well known to ex])eri(‘ncod repairmen and motorists 
that atmospheric* cujulitions have much to do with carburetor ac- 
tion. It is often obsei'ved that a motor socuus to devedop mox’e 
pow'cr at night than during the day, a circumstance which is at- 
tributed to the presence of more moisture in the cooler night air. 
Likewise, taking a motor from sea Icn^el to an altitude of 10,000 
feet ij]volv(?s using rare/i(‘d air in the engine cylinders and at- 
mospheric pressures ranging from 1*1.7 pounds at sea h^vel to 10.1 
pounds per scpiarc incdi at the high altitude. All carburetors will 
require some adjustment in the course of any material change 
from one level to another. Great changi*s of altitude also have a 
marked ellcjct on the c'ooling sysUmi of a car. Water boils at 212 
degrees F. only at sem Ic'vel, At an altitude of 10,000 feet it will 
boil at a tem])eratnre ninetoen degrees lowc^r, or 193 degrees F. 

lu higli altitudes the', reduced atmospheric pressure, for 5,000 
feet or liigher than sea levtd, results in not enough air reaching 
the mixture, so that either the auxiliary air opcjiing has to be 
increased, or the gasoline in the mixture cut down. If the user 
is to be continually at high altitudes he should immediately pur- 
chase either a larger dome or a sinalU^r sti-angling tube, mention- 
ing the size carburetor that is at prcs(*iit in n;e and the type of 
motor that it is on, including details as to the bore and stroke. 
The smaller strangling tube makes an increased suction at the spray 
nozzle; the air will have to be rcadjusled to meet it and you can 
use more auxiliary air, which is necessary. Tlio effect on the 
motor without a smaller strangling tube is a perceptible sluggish- 
ness and failure to speed up to its normal crankshaft revolutions^ 
as well as failure to give power. It means that about one-third 
of the regular speed is cut out. The reduced atmospheric pressure 
reduces the power of the explosion, in that there is not the same 
quantity' of oxygen in the combustion chamber as at s(»a level ; to 
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increase the amount taken in, you must also increase the gasoline 
speed, which is done by an increased suction through the smaller 
strangling aperture. 

Frost on Intake Manifold and Carburetor. — This phenomenon 
occurs when the carburetor is delivering a good mixture and there 
is moisture in the atmosphere. The ct)ld of llie vacuum in the 
manifold and carburetor, (treated l)y the suction stroke ,of the 
motor, absorbs whatever warmth may exist in tlie air coming in 
so rapidly that the suspended moisture in the air outside is con- 
densed and deposited on the outside of the ijianifold in tlui same 
way as a pitcher of ice wat(‘r ‘‘sweats’^ in sjiiiinier. The carbure- 
tion must be good if this itoudition lakers pbu^e. If there is no 
frost on the manifold, tlie carburetion may still be good and low 
grade gasoline be the reason for the rKui-cxisteiiec? (jf the frost, as 
the poor gasoline will not evaporate until it comes in contact with 
the hot cylinder w’alls. While frost is indicative of a good mix- 
ture, still it show's the preseiu»e of atmospheric moisture and in 
this way is a w'a ruing that tiu* air sliould be dried out before reach- 
ing the carburetor to obtiiiu the best results from this good mix- 
ture. The easiest and most (.‘Ifective method of drying the air is 
the COLMAC syst(*m of a clamp on the exhaust pipe and the air 
conveyed from it to the carburetor through a flexible tube, as 
shown at Fig. 208, A. ^ 

Soldering a Metal Float. — In repairing or making sheet metal 
floats, such as ari^ used in the gasoline charabc^r of the float feed 
carburetor, one often experiences some difficulty in sealing up the 
;.small vent which makes the float air and liipiid tight. When a 
metal float fills wuth gasoline, it becomes heavier and the float level 
is altered so it is imp(»rativc that the fuel be expelled from the 
interior and the bole sealed. The usual way to do this is to first 
^locate and enlarge the hole through which the fluid reached the 
‘Afloat interior. To locate a leak, the float is held under the surface 
•bf boiling water, which evaporates some of the gasoline inside the 
Jfloat and (Wolves a gas wiiich indicates the hole by escaping through 
Ut, because of the pressure inside the float. The hole then 
marked, and made larger with a needle drill. Another small hole 
ps made in the float so the interior Can be thoroughly cleared out 
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by air pressure or by placing the float in an oven where the heat 
will evaporate the gasoline. After the float is emptied, it is neces-^ 
sary to close up the openings. This may be done with an ordinary 
soldering iron, though most mechanics having the facilities prefer 
to braze the opening because by this means one can seal it and 
use a minimum of metal, whicli is not liable to upset the balance 
of the float and interfere with the level in the spraying tube. In 
brazing a joint or vent in a perfectly tight receptacle, the job is 
often a failure because the air contained in the float becomes heated 
and produces a i)ressurc that may result in liaving bubbles in the 



brazed seal. To make it possible to close the opening in a positive 
manner, the copper or brass float may be i)laced in a bex of ice, 
as shown at Fig. 204, this tending to keep the air contained in the 
float cool despite the heat imparted to the float by the brazing 
flame. 

Emergency Manifold Repair. — It is not difficult to repair a 
leak in a built-up manifold of brass or copper tubing owing to the 
ease with which these materials may be soldered or brazed. When 
the manifold is a easting, as on the engine shown at Pig. 205, it * 
is not easy to repair a break if the member is of aluminum which 
iS'the material commonly used for this purpose. While it is not 
imp9ssible to solder aluminum, the necessary solder and flux 
are not apt to be at haiid and in addition, the operator must be 



406 Autovwbile Rcpainny Made Easy 

skilled in ordei' to inajiipulate tlu: special solder successfully. Tbe 
autogenous process, t)r oxy-aectylone 'welding may be employed to 
run new metal in tlie break and form a i)ermaueiit repair. All 
shops are not pro^■ided with this ecpiipmeiit, even though they 
may recognize its value. In fact, in many small shops there would 
not be enough vv(*lding work to make it a profitable investment as 

the valuii of the oxy- 
gen flame method of 
burning out carbon is 
not generally recog- 
nized. At Fig. 205, 
an emcrgeney repair of 
nil inlet manifold that 
had cracked nr‘ar tin* 
point of juncture be- 
tween the branches 
and the stem is out- 
lined, This was ac- 
complished by build- 
ing a mold of fire clay 
around the break, leaving a vcmt at tlie toi) through which melted 
babbitt metal wtis poured to f(»rin a ring around the fracture. This 
was mixde wide enough to act as a reenforcement. After it was 
filed off sm(X)ih it was not unsightly, and served to^effeclively repair 
the rupture. Tlie same system of repairing might be followed with 
a cast manifold by soldering a band of metal of sufficient width 
around tlie fracture. If the manifold is of cast iron it may be 
brazed, though if of aluminum it cannot be repaired by a brazing 
process on account of the lieat being high enough to melt the mate- 
rial of which the casting is composed. 

Carburetor Installation. — Automobile repairmen arc often 
..called upon to install carburetors of different makes from those 
furnished by automobile manufacturers in order to remedy some 
* real or fancied fault in the original carbureting device. Tliere are 
many old style cars that have sound engines of good design, but 
which do not work efileiontly on account of using some obsolete 
form of vaporizing device. The use of a carbui’ctor of modern 



Fig. 205. — Method of Repairing Broken Cast 
Aluminum Manifold. 
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(Icvdopnic'iit fliid aii iij)-t(Mlnlc jgiiiliou system oftini tnuisfonns 
ini old engine to onii tliat 'will giro vory salisfaolory rosuits. While 
llic pojiular iiiakos of caj'l)ii rotors may bo soeuml in sizos that will 
fit the widely sold ears, it is sonioliiiies noo(‘.ssary 1o adapt a special 
earbimitor to an tnigino, for it was not inioiided. I\irhaps 

the ne^v vaporizing device is largor thaji tin* oii (5 it is to replace 



rig, 206,-— Showing Conventional Method of Installing Top Outlet 
Schehler Carburetor on Short Cast Aluminum Manifold. 


or the aiTaiigonioiit of the air valve or float chamber may bo 
such that it caiinot bo ijjstallcd in the same way as the one orig- 
iiially supplied with tlie power plant, A typical carburetor in- 
stallation is clearly showJi at Fig. 2()G. It will be observed in this 
case that the cast manifold is of T form, having a very short stem, 
and that the carburetor is placed close to the cylinders. If it were 
desired to replace this nieiul)er with one of different make it might 
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be difficult to have thj|feiew carburetor fill exactly the same space 
and bolt to the manifold in the same way as the old one. 

In cases of this kind some rearrangement of parts would be 
necessary and special adapter fittings might be needed, A num- 
ber of these is shown at Fig. 207. Some carburetors have a thread 
cut on tlie outlet pipe instead of a flange, and if the old device 
were of the flange type an adapter fitting would be necessary to 
enable one to install tlie new mixer. For instance, if the outlet 
pipe had a male thread, the female horizontal fitting shown w^ould 
be necessary. If the outlet pipe w'crc provided with an internal 
thread, it w^oiild be necessary to use the male horizontal fitting. 
While these are devised for side outlet carburetors, they may be 
used equally w^ll with top outlet car])iire1ors having a threaded 
outlet pii>e. It is sdmeiimes necessary to couple a top outlet car- 
bun^tor wliere a side outlet was fonmudy used. In this case the 
female vertical fitting Avoiild be nee(?ssary with a male threaded 
outlet pipe, while the male vertical fitting would be neectJ'd with 
a carburetor having an internally threaded top outlet. Fittings 
of this nature are also made with a flange at each end instead of 
with a flange at one end and a thread at the other. It is often 
necessary to use a carburetor slightly larger than that supi)Mcd 
with tine engine, or vice versa. In this case fittings having a dif- 
ferent size hole at each end are needed. The one illustrated has 
a lj4-bieh standard pipe connection at one end to receive ah exter- 
nally threaded outlet pipe wdiile the flange is the standard size 
for a one-inch carburetor. Suppose it is necessary to couple a 
carburetor having a flange pointing in one direction to a manifold 
in which the flange was at riglit angles to that on tlie carburetor. 
In cas(»s of this kind the double flange fitting shown w^ould permit 
qf attaching the carburetor to the manifold. While a number 
of standar<l dimensions have been projiosed for carburetor flanges 
and corresponding members on manifolds, tliere is still consider- 
able variance in flange sizes for the same size carburetors. In the 
lower part of Fig. 207 a typical flange is outlined with the di- 
mensions indicated by letters. The dimensions for different sizes 
of Breeze carburetors that correspond to the letters may be clearly 
ascertained from the tabulation beneath the cut. 
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It ijs very impor^t when the low grade fuels that are being 
supplied at the present time are used to supply some form of 
preheating arrangement for the primary air in order to insure 
promx>t vaporization. While all of the new engines are being fitted 
up in this mannei', a large number of ears are iji daily use that do 
not have this desirable refinement of detail. When trouble is 
experienced due to the use ot' cold air, especially in cold weather, 
the repairman may often suggest the use of the warm air attach- 
ment as a practical rmnedy for the trouble. A typical attach- 
m<*nt of this nature is shown at Fig. 208, A. This consists of a 
clamp member adapted to bolt around tlie exhaust pipe and supply 
the warm air to the primary air intake of the carburetor through 
a length of flexible metallic pipe. These fittings may be obtained 
to fit various sizes of exhaust pipe, and for different carburetors. 
The one shown at A is suitable for the Breeze carburetor, and is 
installed as indicated at E. 


When piping from the fuel tank to the carburetor it is often 
desirable to include a filter or strainer in the pipe line in order 
to prevent dirt from passing into the carburetor. This is another 
refinement that is found on practically all cars of recent manu- 
facture, but which was often omitted on earlier models. Two forms 
of these filtering devices are sliown at Fig. 208. That at C is a 
form that insures the most positive separation on account of using 
tliree filtering screens. The gasoline from tlie tank enters the 
intake pipe and follows the course indicated by the arrows through 
tlie filter screens and back into the pipe line through the outlet 
opening. Any sediment or dirt will collect in the lower portion 
of the device and may be drained off by opening the drain cock. 
A simpler device operating on the same principle is shown at 
In this, case the gasoline enters the lower portion or settling cham- 
"ber, where dirt and water will fall to the bottom on account Of 
their weight, and only clean fuel that can pass through the wire 
gauze used as a strainer can flow out of the outlet opening to the 
carburetor. Care should be taken in installing carburetors to avoid 
using pipe fittings having sharp bends unless absolutely necessary. 


Very often all the added efficiency that can be obtained by chang- 
ing carburetors will be lost when installing a new one due to the^ 



Carburetor Installatton 


ITT 



Fig. 208. — Illustrating the Use of Hot Air Connection for Carburetor 
and Breeze Strainers for Use in Pipe Lines. 

iise of elbows or other fittings of this nature, which impede the 
flow of gas. Willie it is unavoidable in some cases, such as when 
a side outlet carburetor is to be adapted to a manifold intended 
only for a top outlet form, endeavor should alvirays be made to 
secure a carburetor of the same general pattern as that removed. 
A mistake made by many repairmen when changing over fuel lines 
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is to use tubing having too small bore or to use material that has 
a seam ninning Us entire hngth. Only the best annealed soft 
copper tubing should be used for fuel lines, and this must be of 
the seamless form. Hard brass tubing or standard brass pipe is 
apt to crystallize and break, due to vibration, whereas tlie soft 
copper tubing can be bent more easily to clear parts of the mechan- 
ism or cross members of the frame, and is not liable to kink up 
when bending as the hard tube is. Tubing having J^-inch (.125- 
inch} bore will be satisfactory for small engines such as used on 
motorcycles, but for the range between ten and twenty-five horse- 
power the tubing should have at least >^-ineh (.250-inch) bore. 
For larger engines tubing with a bore of Yia inch or inch wrill 
be sutBcient. The piping couveymg eompressed air or exhaust gas 
to produce pressure in the fuel tank should he larger than that 
employed to con\ey the fuel, the larger sires being needed with 
the exhaust gas system on account of its pressure being lower than 
the air stream from a pump. All fittings should not only be 
threaded on, but sliould be soldered as well to insure tight joints. 
Care sliould be taken to fasten the fuel iiipe to the frame by 
substantial metal clips, so that it cannot vibrate, which may cause 
the joints to open up and leak. 

Simple Oiling Systems. — Insnfiicicnt lubrication or the use of 
poor lubricating oil will produce the same overheating symptoms 
that defects in the cooling system do. There is this advantage: 
when the troubles are caused by poor lubrication, it is very ttasy 
to trace the trouble owing to the simplicity of practically aU 
of the modem iiietho<ls of engine lubrication. A proniinent oil 
manufacturer claims that all of the lubricating systems in use 
may be divided into ten classes, as follows: No. 1, simple splash; 
No. 2, constant level splash ; No. 3, pump over and splash ; No. 4, 
force feed and splash; No. 5, pump over: No. 6, separate force 
feed; No. 7, force feed: No. 8, full force feed; No. 9, slide valve 
motor; No. 10, oil fed with fuel. It is contended that the char- 
acter of the lubricating system employed is an important point 
to be considered in selecting suitable grades of oil, hut while this 
is true to a certain extent, it is not necessary to differentiate as 
closely as most oil manufacturers advise between the various sya- 
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terns, as careful analysis of their published recommendation sheets 
shows the same oil to bo recommended for eiif^ines liaving totally 
difl'erent lubj'ioatin?:'’ systems in some eases. The writer believes 
that it is not necessary to divide the lubrieatiTi^' systems into more 
than two g(‘iieral ;rronps, tlu'Se heijig the “cireiilalin^'’ system and 
the ‘‘all loss'’ system. In the former llie oil orij^iiially supplied the 
container or sump of the motor is used over and over again, being 
tureulated to tlie ])eai‘ing surfaces in coiilaet by tbe movijig parts 
themselves, or by some positive form of eiri'iilating ])umi>. In the 
other group the co-aukease of tlie motor is tilled to a fixed level. 
The lubrieatioii of all i)arts takes place hy splash, and the loss 
is made good hy reeding oil iulo the crankcase from some anxiliai’y 
source. In tlie “all loss" systems the object is to feed the liihricatd. 
into the crankcase at about the sauu* rate as it is consumed. After 
oil lias been used for a lim<' in a cireulaliiig system it is necessary 
to drain off tlie e.i'ankcase and thoroughly ch^an out tliat member 
after four or five hundred miles running, as tlu* oil depreciates 
in value as it is used. In the “all loss" systi'ins it is not necessary 
to drain ont the crankcase as often ns in the circulating systcun, 
because of the eonslant addition of fresh oil. The principal group 
classification may he understood by ndcnTing to tlie simple oiling 
systi'ms outlined at Fig. 209. Tliat at A may be considered a 
good example of an “all loss" syslein in whicli the oil is allowed 
to drip into the crankcase from a reservoir to replenish that used 
in Inhrication. It will bo observed that the crankcase is filled to 
a certain height and that the connecting rod will dii) into the 
oil at the end of every clown-stroke of the piston. As it sweeps 
through the oil it throw’s it about in the engine interior, and thereby 
lubricates all moving parts. In ord(*r to supply more oil wduni the 
engine speeds up, tlie oil feed regulating valve is adapted to be 
raised by an inclined plane connected with the throttle as it is 
opened to accelerate the engine speed. This method was used on 
some of the early Tliipmobiles. 

Anotlier example of an “all loss" system with individual leads 
to some of the hearing paints from a sight feed lubricator is shown 
at B. In this case the luhriea/it is carried in a tank from xvliich 
it is sui^plied to the sight feed manifold fitting by displacement 
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due to exhaust gas or air pressure directed against tlie oil in the 

tank. The pipes lead to bearing points in some cases, to the 

tnginc cylinders or crankcase in others. Tlie amount passing 
through may bo regulated by adjusting needles at the top of the 
riuinifold fitting. 

An example of a simple circulating system is shown at Fig. 
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A representative flywheel splash system is shown at Pig. 211, 
A. In this the bottom of the engine is inclined to form a well 
in which the flywheel runs. In turning, the flywheel projects the 
oil which it lifts by adliesion from its periphery tangentially, due 
to centrifugal force. Part of the oil thrown off is caught by a tube 
opening into the path of the oil, and is led forward to a main oil 
duct passing first through an oil feed regulator controlled by the 
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accelerator. A portion of the oil from the main duct is conveyed 
to the cylinders, the remainder is directed to the three main 
bearings. Passages drilled into the crankshaft distribute the oil 
from the main bearings to the connecting rod big ends. Part of the 
oil thrown off by the flywheel is deflected against the transmission 
gears by the gear case cover and part flows to a ])ockct which 
lubricates the universal joint. A pipe leading from the universal 
joint to the bottom of the crankcase insures tlic return of the 
lubricant to the bottom of the crankcase. 

An “all loss” system in which the feed to replenish the loss 
is by individual leads from a mechanical oiler is outlined at Pig. 

211, B. While this system was formerly very popular, it has been 
practically done away with at tlie present time, owing to mechanical 
complication and liability of trouble. In iliis system a main oil 
pump is carried by the oiler easing which serves to house the 
mechanism, and also acts as a container for lubricant. The pump 
supplies the top of tlie manifold fitting tlirough a main feed tube. 
The various feeds are regulated l)y needle valves, and after the 
supply has been set to suit the oil is pumped out of the sight feed 
glasses by individual pumps througi’ leads Avhieh go to the cylin- 
ders and to the front and lu'ar crankcase compartment. The idea 
is to set the feed so that oil will be supplied only in such quantities 
as are necessary to make up the loss. 

At Pig. 211, C, a lubricating system is shown in which oil is 
pumped from a sump to an external distributing oil tube which 
leads to the main bearings, and which alsc) supplies a lubricant to 
the crankcase interior. An internal oil feed pipe is also con- 
nected to the pump and is used to fill the troughs into which the - 
connecting rods dip. 

The Constant Level Splash System. — The illustration at Fig. 

212, A, shows very clearly the interior of an engine in which the * 
constant level splash system of lubrication is used. The supply is 
carried in the sump integral with the bottom of the crankcase 
and the height of oil is clearly indicated by an oil level indicator 
which ii actuaited by a small float submerged into the oil. As long 
as there is sufllcient oil in the sump the oil level indicator will 

at the top of the gauge. As soon as the supply diminishes, the ^ 
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oil level indicator will follow the movement of the float and will 
show the defieioricy in a positive manner. It will be observed that 
the oil level in the crankcase is determined by the position of the 
overflow pipe. This can be moved in such a way as to alter the 
level. The oil is drawn out of the sump by a gear oil pump and 
directed by means of an integral oil duct to the main bearings 
of the engine. 

Distributing Pump Systems. — Tlie method outlined at Fig, 
212, B, is a circulating system in whicli the Viii'ious hearing points^ 
are kept lubricated by oil drawn from a sump by a geared oil 
I.>ump, which also coinliiues a distributing mechanism so the oil 
will be supp]i(*d to the various hearing pruuls by feeding each 
of the oil l(‘ads in turn. Some of llui h^ids go to main luunings, 
otliers snpj)ly the camsliari. The interior of the engine is lubri- 
cated by s[)jasli as the connecting rods arii provided vvilli splashers 
at the lo^Yer end to distribute the lubricant around the engine 
interior. 

Forms of Oil Pumps.- -The important ehunent of all the cir- 
culating systems is tin? i)inTip which keei>s the oil in eirculalionni 
Pumi)s linvi‘ been made in various forms, the two main types 
used at the present time Ixuiig the pliingm* and the gear pump. 
Various applications and designs of pumps arc shown at Fig. 213. 
That at A is a plunger pump, which is actuated by an eccentric 
strap passing over an eccentric on the camshaft. As the camshaft 
revolves the pump plunger reciprocates in the pump barrel or 
cylinder. Each time the plunger lifts the inlet check valve placed 
directly over the intake pipe opens and oil is drawn out of the 
sump, first passing through the filter screen, until it fills the 
space in the pump cylinder left by the iipw-ard movement of the'- 
plunger. When the plunger descends, a check valve opens and 
permits the oil in the cylinder to pass out and into a main dis- 
tributing duct. The splasher or scoop used on most engines and 
its path through the oil in the trough is clearly shown in this 
view. 

The pump form at B is also a plunger pump, but is the form 
where a separate pump is provided for each lead from the mechan- 
ical oiler. The pump plunger is raised by a cam whicli is rotated 









by 'worm gearing. When the pump plunger is lifted by the cami \ 
the inlet check yalve opens and permits the pump cylinder to fill 

On the down stroke the outlet check valve opens and the oil flows 
through the sight feed fitting, from which it is directed to the 
bearing points through separate oil pipes, as shown in the system 
outlined, at B, Fig. 211. 

A pump of the geared form is shown at C. Ttiis operates on 
exactly the same principle as the water pump of the same pattern 
previously described. A feature is the use of a relief check valve 
■which will permit the oil to by-pass back into the intake portion 
of the pump when the pump is turning at such liigh speed that 
surplus oil at higher than normal pressure is being supplied. The 
view at D shows the application of the mechanical oiler shown 
at Fig. 213, E. This is somewhat similar in principle to that 
shown at B, except that it is simpler in construction. Mechanical . 
lubricators of this form are used on some 1911 and 1012 models 
of the Overland car. The pump idunger is actuated by a yoke- 
shaped member, the horizoutal section of which rests on a cam. 
The camshaft is turned by mechanical connection with the engine, 
and as it rotates it lifts the yoke and the plunger attached to it - 
against the resistance of a yoke returning spring. When the plun- 
ger reaches the top of its stroke, oil will feed into the pump cyl- 
inder through the two openings which communicate with the in- 
terior of the lubricator. These openings are automatically shut off 
as soon as the pump plunger starts to descend. An exhaust check 
plunger opens when the pump plunger descends, and permits the, 
oil to flow past it through the feed tube to the motor. The amount 
of oil displaced by the plunger depends upon its effective stroke* , 
An adjustment nut is provided which permits one to vary the 
amount the plunger will descend in the pump cylinder, though it ' 
will always rise to the same height as determined by the cam 
profile. This type of oiler is very satisfactory, and will give but 
litfiie trouble if clean lubricant is used. Foreign material or wax 
in the oil will have a tendency to clog the feed tube, but if this 
.should occur it will be indicated by the plunger remaining 
up. The plunger moves up slowly but drops faster, because 
of the action of the yoke spring. It is desirable to have the 




Fig. 213. — ^Various Forma of Oil Pomps XXse^i to Circolate I«ul)ricatiiig Oil. 
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plunger eome clown suddenly, as more force is 4 . cn to the 01 . 
discharge. 

The lulu'icatirig system shown at Fig. 214, A, is t p loyed 
on the Jeffery four-cylinder motor. As Is true of all constant 
level splash systems, the oil container is integral with the bottom 
of the crankcase, the oil is drawn from that part by the plunger 
oil pump actuated by the camshaft eccentric, which forces the lubri- 
cant through a duct in the crankcase upper portion from which it is 
directed to cainsliaft bearings, main bearings and oil troughs into 
which the connecting rods dip w'hen they reach the lower part of 
their revolution. The circulation of oil is indicated by a gauge 
on the dash ijjdicating the i^ressuro. The amount of oil available 
in the sump or container is indicated by an oil level gauge which 
is actuated by a float raised and lowered as the sn])ply increases 
or diminishes. Whim it is nccc*ssary to sui>x)ly '^lew oil, this i ^ 
inserted tlirongh the breather pi])o on the side of the erank<^ase. 

The system used on Abbott-Detroit motor cars is prachcall; 
the same as that used on the deffpry except tliat two oil pumpt 
ire used. The view at B is an end sectional (Hagrarn sliowiiig a 
portion of the crankcase and sump. The general arrangciuent of 
the entire lubricating system may be clearly ascertained by re- 
ferring to the longitudinal view at Fig. 214, C. As is true of 
most systems of this nature, the supply of lubricant is re[)lcnished 
through the brcatlier pipe which is provided with integrally cast 
inclined vanes or ledges to prevent the crankcase compression blow 
ing out tlie oil mist. The level indicator or gauge is located 0 
the right hand side of the t*iiginc, between the second and third- 
cylinders, and the j) roper level to maintain is between the high 
and low points of the gauge. It is said that a point about ^ inch 
below tlie high level mark indicated will give best results. AVith 
the level at tlie proper height there will be about nine (piarls of oil 
in the reservoir, a point which must be considered when the used 
lubricant, is drained out and replaced by new. The system is. 
classified as a constant level splash with positive plunger pump 
to circulate the lubricant. These two i)uriips are driven by eocei 
tries on the camshaft, one i)Uinp supplying a constant stream oJ 
oil to the rear main bearing, the oilier pump feeding the front 
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Pig. 214.— Sectional View of Engine Base, Showing Jeffery OUlng System. 
B and C — Views Showing Double Pump System on the Abbott 
Detroit Car. 


I nin bearing and liming gear comparlmont. Tlie overflow from 
' bearji.g drains into four separate troughs, into which the ends 
the conneefing rods dip as tliey rotate. The lubricant is main- 
iined at a constant I(!vel in this coinpartinent by the use of over- 
sow pipe, from which any excess lnl)ricant. draiti.s into the sump. 
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All lubricant drawn into llie ijuinps is S?crecned before it is allowed 
to return to the bc^ariiips. The object of employing the separate 
troughs for tho coninictiiig rods to dip iii is to prevent the Oil from 
flowing to tlie r<‘iir <»E the crankcase when the car is climbing hills, 
or to the front of tiui crankcase when it is descendifig grades, as 
cither of those conditions would result in flooding oiu? section of 
the crankcase and (Ief>riving the other portion of an ade(piate 
supply of oil. Jt is reconniieiuled that thousand miles at 

the most the plug in the side of the lower Inilf of the crank" 
case be removed and all old lubricant drawn ntT. It is sug- 
gcsl(‘d that if tlu^ oil bo examined carefnllV, and particles of metal 
arc found, this indicates hearing troubles. If tlie oil is filled 
Avith carbon particles it may he takm as an indh'ation that gas 
ioaks by tlie ])istoii rings under ])ivssnr(* of the explosion and 
burns away some of the nil on tlie cvlindei* walls. The screens 
used to filter the liibi'icani should he thoroughly cleaned before 
replacing. 

An oiling systmn similar to that just described, inasmuch as it 
uses tAVO pumps of the plunger type, is shown at Kig. 215. In this 
tlie oil reservoir is div’ided into three eompartments; one of thes-e 
serves as a main container for the oil, one at tlie center is filled 
part AA^ay up with water, Avliilo that at tlie front eml is filled with 
oil, and also houses the circulating pump, and in this system one 
pump furnishes oil to the niflin bearing at the n^ar, the other to a 
similar member at the front, tlie crankshaft being a t AAo-hcaring , 
type. Passages are drilled in the crankshaft, through Avhich the 
oil goes 1o tlie lower connecting rod hearings. Tin* oil thrown off 
by tlie rotating crankshaft is splashed to all interior parts, and 
lubricates the cylinders and pistons. Splash is not dcfXMidiHl on 
as a drain pipe at the bottom of the crankcase alloAvs all the oil 
to escai>e from that numilxT. The drain pipe cmmr.unieates to 
the. bottom of the compartment jiartly filled Avitli Avat<T. It is 
(daimed that the oil which must pass thi’ougli tlie water beforr 
it will float on its surface is not only cleaiietl of all foreign mat 
l(‘r, but that it is also cooled, an important re^|iiirenu*iit in bigl 
speed motors. The oil floats on tlie top of the Avater and drips 
throiigli a suitable overflow' opening back into tlie main reservoir. 
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It is firgiied in favor of wator as a liltoriiig Tnodiiiin that it is not apt 
to get clogged np with particle's of carbon as a filtering screen is. 
Bc'sidcs, it has the added advantage of reducing the lomperature 
of the 

Overland Model 82 Oiling System.— The oiling system (Fig. 
21(>) is automatic and self (‘ontained. Tt is of the ('oinbination 
force feed and si)lash lyi)e, in which a eonstant level is maintained 
in tlie oiling base. It is v^ry siinjde in operation and rec|nires 



Fig. 215. — Double Pump System in Which Oil is Filtered Through Water 
to Remove Impurities. 
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no other attention than to see that the i)i'oper j?rade of oil is 
supplied throngli tlie breather pipe when the oil indicator on the 
left side of the crankcase indicates that oil is needed. The amount 
of oil nec<‘ssary to jnake the indicator register at the word '‘fuir’ 
is seven ipiarls, which is enough for from four to five hundrcid 
miles of ordinary running. The oil is circulali'd by a jduiiger 



Fig. 216. — Overland Constant Level Oiling System. 


pump loeatc*d on Iho center rib of the cylinder block. The pump 
is (operated by llic camshaft. 

The lubricant is drawn from the oil base through a fine mesh 
sc.rcMjn, and forced direct to the three inaiii bc'arings from which 
it overflows to the oil pan. Six wells in the oil i>uu directly un- 
derneath the coiineetiiig rods are supplied with oil conKstantly, and 
a eonstant h'vel is maintained at any motor speed and under all 
conditions of road travel. The lower end of each cojiiiccting rod 
is supplii'd with aii oil dip wliieli scoo])s oil direelly to the conneet- 
ing bearings and .splashc*s tlui liiljricant on the ]»islon walls an.^ 
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wrist pin bo.ariiif’s. Tlio overHow froiu the front iiiain bearing 
flows to the Trout jxear. Kroni lliere it is carried l)y tT^ravity 

to fill j^ears on the li'ansvcrse shaft. It is very iini)i)rtiint that 
tlie oil strainer be kepi elean so that the circnlatioii of tlie oil 
b(* insured. For this n*asoii the removal of the chi strainer has 
l>een rrni<h* i‘asy. lly lociscniiijr the lour stud nuts on the l)ot.toui 
of tile (*rank<'ase tlie eylimler sereen may he, withdrawn and cleaned 
by di|>i>in.y: it in a pail oT !»:asolint‘. 

Iji replaeino- lh(» serec'ii it is wchl to shellac* the pjasket lietweeii 
tlie strainer (lanuje and i*]-aJikeasc* to make* sure that tin* lubricant 
is ])roperly n'tained. A drain [hu^ is also provided in tin* Ijottoiri 
of the ei'ankease for dj’ainiu^* the luhrieani. This should he clone 
once. eV(‘ry tliousaiid miles, 'fhe erankeasi* shoidJ tin*!! he wash<.*(l 
out ^^i(!l keroseiKi into tlie breather jiijM*. ATl(‘r the keros(‘ne has 
been removed repbu'e tiu* [hii^ and .*elill flu* system liy usiner Hie 
old lubricant, beino* ('areTid to strain it. through a line ^rade of 
muslin, and add .rr'(‘sli ]ubj‘i(*ant to melee iq) the proper amount. 

'Die ]U'o]a r A\orkiuji‘ of the system is imliealed by a ]»rc*ssure» 
|L^‘lu^e ]oe;)l<(l ujxin tli(‘ iristrmmnt l)oa)‘d ol' tlu* eowl dasli of tlie 
ear in plain Ni(‘W of the drivi'r. It is not necessar\ Hint this 
j^aii^e indicate a j.dveM auMuint of pressure iu jiounds; it will 
1)( isufiieieiil. to uoti(*i* tlie sli^ldest ih*leelit)ii of ]>i-essure liy tlie 
jicmIIc movinj); to the rijdd n hen flu* motor is aeeelei-!it(*d. For 
motor luhriealioii use a. lijihl cylinder oil, fri'c fj'om carbon and 
having a flash-imint. of not low(‘r than 42o, and a. fire-point of not 
h‘ss than '475 de^i’ccs l*5ihr*(‘nheil. 

Anothc*’* fonrd feed svsteiii in which no rc^iauev is placcnl on 
s])lash feed due to the c-onneet in.i^^ rods dipiiinj^^ tin* luhric*ant is 
sliown at F>;ij. 217. This is used on some I^ie?*ee- Arrow six-eyliiuler 
motors, and includes a novc‘1 feature of havine: the oil su[)plied 
drawn from the oil coutaiiier at the bottom of the crankcase to 
an oil reservoir carrii'd al)ovo the cylimlers. 'While the oil is sup- 
plied to the irservoir by the? pump it flows to tlio bearing? points in- 
dicated by throuj;li oil supply tubes of lar^e size. Both 

the oil reservoir and the Imtlom of the crankcase are inclined 
twenty-five det^rees, this inclination being given to the oil n'ser 
voir when running up or denvn a grade, each l(*ad Avill get an 
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equal supply of oil. Tlioi-e are of llicisi* loads at tho bottom 
of tlift oil reservoir, one leadiuj^ to lluj ^oar oomj)artrnenl 

of tlio craiikcaso, the others to the main bearinos of tlio crank- 
shaft. The oomuvtinj^: I’ods arc lubricaled throiij^h suitable drilled 
passageways in tin; crankshaft As is true of otluT systems of 
this Jiatmv;. the. interior of the cujrino l)aso is filled with an oil 
mist all the time that tlie enirine is in operation, this serving? to 



Fig. 217. — Oiling System Used on Many Early Fierce-Arrow Motors. 

lubricate tlie j)iston, cylinder Avails, and valve opr3rating mech- 
anism. 

The simple }>res.sni*e feed system used on tlie National car is 
shown at 218. In this the bottom of the crankcase serves as 
a main reservoir for the lubricant- It is drawn from this by a 
geared oil pump driA'^en by bev'el gearing from the camshaft, the 
discharge from tlie pump being piped to an indicator gauge on 
the dash. The return from this indicator is directed to a conduit 
running the length of the crankcage which sup])lies the oil to the 
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conipartineiils into wliidi the coniieetiiij^ rods clip to sj)]asli the 
Inbrieaiit about llie oraiikcase interior. Attention is directed to 
the oil wi*lls or above the main bearings which catch part 

of the oil ilistribnled l)y the connecting rods and which fml it 
to the main crankshaft l)(‘a rings. 

Another ('xarnj)le of llie system in which the oil is forced to 
tin? main bearings and from these members to the crankshaft in- 
lei'ior which is used on liie .Marmon motor, is shown at hig. 219. 
This •t|M ral(*s in liie same manner as tiie PiiM-ee-Arrow sy.steTn ont- 



Fig. 218. — Constant Level Splash System of National Automobile. 


lined at Fig. 217, except that all of the Inbricj Tit is carried in oil 
reservoirs attached to the bottom of the crankcase. On some 
engines, especially of the Knight slide valve form, it is desirable 
to increase the oil supply as the engine speed increases. This may 
be easily done, as shown at Fig. 220, by providing swinging oil 
tronglis oiierated by linkage which is interlocked with the car- 
buretor throttle actuating lever. A top view of the system show- 
ing the .six oil troughs is given at A. At B tlie various positions 
of the trough for high throtth*, intermediate throttle, and low 
throttle are clearly indicated by dotted lines. X side sectional 
view at C shows the siipjily pipes used to fill the troughs, and 
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also ':hovvs the I'ocl employed to tilt the troiigli. Willi thos'o mem- 
bers ill the position indicated the connecting rod will liike out 
more oil on account of the higher level. This ])osition is used 
only on tlie liighest motor speeds. On the inleriiiediate speeds not 
as much oil is required as when tlic engine is running fast, then*- 
fore the trouglis are tilt*‘d to a point wht‘re tlu' oil h*vel will lie 
reduced. This system lias the advantage of j)reventing .smoking 
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Fig. 219. — Pressure Feed Oiling System Used on Marmon Automobiles. 


due to burning too niueh oil, as in those systmns whi*re immovable 
troughs are employed the level of oil in these memhers must be 
kept higli enough to supply positive liihri(*it y at high inotoi* spi‘eds. 
Obviously, this amount of lubricant may be too niueh for lower 
engine speeds and the suiqilus lubricant will be discharged through 
the exhaust in the form of smoke. 

The pressure foc'd system used on the Cadillac eiglit-cylinder Y 
motor is shown at Fig. 221. Tn this it will be observed that the 
oil is supplied to the three main bearings of the four-throw crank- 
shaft by pipes leading from a manifold running along the oil reser- 






Fig, 220. — How Tilting Troughs, Regulated by the Throttle Control, Vary 
the Oil Supply for Different Engine Speeds. 

(‘iicli side of the motor, hy moans of a emss shaft. An adjustable 
hy-pass valve is ])rovid(*d so that the oil pressure may be main- 
tained to any desired point. 

Where to Look for Trouble in Lubrication Systems. — Hut lit- 
tle trouble will be experienced witli the constant level splash sys- 
tem in w’hieh the oil is circulated by a positive pump through 




Fig. 221. — Oiling System of Cadillac 1915 Eight Cylinder Engine. 

would fill up il* tlu; i)ii)o is coristricttnl l‘oi* any reason. Tn (‘vont 
of tho failure of the oil to drop iti the sijvlit 1V(*(1 jrlasses when the 
adjustnioiit screws are loosciu'd to supply more luln’icant, the 
various pil)e councelioiis should he cxaiuined. Tiie first one to 
look at is the pressure pipe ruiinhij? to the tank. The first essen- 
tial is to make sure that the tank filler cap .s<*ats SK-nrely, and 
that the leather washer is interposed as packing under the cap. 
Discoimeet the pipe next to the check valve and with the motor 
nmuirig note if tliere is any pressure, i.e., if impulses from the 
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^^\h^ilLst (?iui l)e felt 01 ] tlin hfuid. If iiol, the iiii^pk of \hii oxlioust 
nuniifold or pi])e should ho roniovod and eloaiiod as it may bo 
ohokod 'with carbon, ospc'oially if coiisidorablo oil. is fed to tho 
motor. Tho chock valve jii*;ir tin* tank may also ho fouled ui), 
duo to foroij/ii matter. H^'liis shoultl ho taken apart and ch'aiiod, 

‘ roi'lac('(l, and tho oii^iiio ajj^ain started for testin^^ tho j)ros.snro. 

A simple uu'tliod of (|uiekly locatim^ ilie fault in a system of this 
kind is to disconn(*ot the pi'(*ssure pipe at tho tank and blow 
throutrh the cho<‘k vahe member. If the lank and oil ]>ipe con- 
nections are ti”ht tlu* oil 'will thm throup;!] the, si.^ht toed frl asses, 
and it will ])e ap[»arent that the trouble is due to not enouj^li 
pressure bcino* supplied the tank. 

Leaks may«.-<‘xisl. beiwe(‘n tlu^ sii*ht b‘e(l filasses ami their holders, 
and this is usually d(‘noted by leakae:** ol* I he luhrioaut ai’ound 
ihe hotlom of (In* |.ilass. In disassemhlin^ and readjustiiitr this 
m(*ml)er, care should lx* em])hasi/ed afti'r m*\v j)aekirnr wasth*rs have 
hee?i re])la(;e(l. 'when readjust inir not to serew down the fittinjxs 
against 1h(‘ ^‘lasses too tij^htly as tin* ^rla.ss(‘s may he broken. When 
the j.ilass tills uj) villi lubricant, which is a sun* indicatiou of a 
cJojr!i(‘d Ls'd l>ipe, that niemlMM* sluuild he removed and thoroufylily 
cl(‘ared by compressed aii* blast or steam under pressure. Tin* 
sl(*am is to be pri'b'rred as it will heat up any solidified vax or 
jrrease iji the pipes. These siglit feed filasses are apt to acciiinulati? 
dust and dirt, esi)ecial1y as they are mounted in an ex^msed posi- 
tion in order to note at a glance* if oil is dropping projK*rly. A 
sugigestiou is given at Fig. 222, A, for removing dirt when the 
parts are diffienlt of aeeess witli a cloth, which is especially true 
'wlien tlie sigliL feeds aiv ass(*mblcd in a manibild fitting, as showii 
at B, 'vidiero they are ]>laced ilirectly on the dash. A coarse, soft 
string is used, a eoni)le of turns being made around the glass, then 
by imparting a sawing motion to tin* ends of the coni the (*ii- 
ornsted de])osit will be. easily removed. 

In those lubricating sy.stems having individual leads running , 
from a mechanical oiler, if failure of oil 1v> reach the bearing is 
not due to a broken or constricted feed tube the trouble must 
exist at the pump siip])lyiiig tJiat member. The comiuon fault in 
})lunger pumps is failure of tho check valves to seat properly. 
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this due generally to dirt in the oil. Of eourse, if the main 

driving means fails the j)innj)s Avill not move and no oil will be 
circulated. Oil i)uiii])s arc not so a])t to wear out as wat<‘r pumps 



SHOWING OIL CDUIC11NG GROOVE LOCAUQN 


Fig. 222. — Showing Simple Method of Cleaning Sight Feed Manifold 
Glasses at A and B. One Method of Curing Smoky Motor shown 
at C. 

are on {lecount of the lubricating properties of the oil, which 
tends to minimize depreciation by keei)ing friction at a low point. 

Method of Curing Smoky Motor. — The own<*r of a practically 
new car was much annoyed with a smoky exhaust whicli clearly 
indicated that oil was Avorking l)y the piston rings, and that this 



Lubricaling System Troubles 435 

(‘oiidition Wfis evident even when tlic level of oil was Jjelow the 
point reeoinnu'nded hy the nnikers of the ear if the motor was 
nm at hif>li speeds. It was (‘vitlent that the trouble was not due 
to ineehanieal (l»‘pi(‘eiati()n as the ear was j)raetieally new. After 
eu?isiderabh‘ study a elieat) and sueeessful renu‘dy for the trouble 
\\as devisi'd. 

The cylindi‘r Jiead was ]‘eni<»v<‘d. ihe. eoim<‘(tin}»‘ rot] hearings 
werr^ l(M»s(Miod and tin' four pistons, al’ler markinf^ eaeh, W(‘»'e 
renn»ved. X(‘xt the wrist pins and eoniU‘Ctin«' rods were taken off, 
and (-aeli i)i.stnn, aftei- takiii^^ ou*t tin* two lowest ]>islon j-inj^^s, was 
clnu'ked nj) in the latin* si‘])arately. A small j^ii’oove, a sixlc'enth of 
aji ijK'h in dianuder, was eut into tin* piston, as shown in Kiji'. 
22‘J, (\ at ail an^le. of 4.1 deLia-ees. Tin* enl starti-d from tin* ed^f; 
of tile lioiloiii of til.; next to lowest piston riii^‘ jiroovc'. I'his cup 
's\as also ont‘-.si\'l(‘ent li of an ineh in depths thus ('onniiijj: a eup- 
shape<l j*:r()ove the (*nlir(‘. eireumri‘renee of the piston, Xi‘Xt the 
IMsIon was drilled at the same aii<*:le of 45 di‘n‘]*e(‘s with a one-si\- 
le<‘iitli inch diill. Tln‘St' hob's, about one ijieh apiirt, \vor(‘ drilled 
t'leai* thr(iU}.*:h the ])isfon. ddn' elVeet of this f>'roove Avaslo eolh'et the 
oil ha<4vC‘d ii|) hy tin* hottoui [)iston rin^ on the downwai’d stroke*. 
The small Iioh's <lrained Ihe oil into the inside of: the piston and 
tlnis back to the ei*ankease. 

The rin;L'’s W‘‘r(‘ replaeed, the wrist pins and eoriin*e1in^* rods 
put baek, the ])is1ons slii)ped into the cylijidcrs and tlie eoinieeliu^ 
rods tightened up. Next the eylinder head was replaeed and oil 
init into tile erankease, the lev(*l of whi(4i was ra’sed oiie-iniartoj' 
ineli above normal. When tJie jindor was slarlevl the abnormal 
amount of smoke wliieli the lit1I<* engine had formerly i)rodueed 
failed to aj)pea)’. After using his ear a month, tlie owner called 
at the garage to state that the job had proved satisfactory. A 
rej>air of tliis kind can be imnh* only when there is sullieii‘nt wall 
tlih'kness to the piston. 

Simple Oil Filter.— There are jnaiiy oeeasitms when oil is drawn 
from a motor erankease or simij) when it still possesses luhrieating 
qualities, hut is uiisiiitahli* fur use owing to the j>res<-nee of dirt. 
Even if an oil is unsuitable for cylijider luhrical ion, it may still 
possess siiffioient lubricating value to be used around the unim- 
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])ortant boariiig-i)oinls of the car to which it can be applied witli 
a hand oil con or syringe. Instead of throwing away the oil it is 
possible to’ save (piiie a few gallons in the coifrse of a year, if the 
simple filtering device as shown at Fig. 223 is used. This may 
be made up by any tinsmith at small cost. It consists of a main ■ 
container of galvanized iron having a tight-fitting cover so dirt 
will not get into it. Three ledges are soldered to the sides of the 
tank as indicated, tlie one at the lop liolding a brass wire gauze 

screen, the two lower 
ones acliiig as sup- 
ports for funnels. The 
discharge opi'iiing of 
(‘ach funnel is filled 
M'ith clean w^aste, and 
by the time the oil 
reaches the ^’ottom of 
the container it has 
beim thoroughly fil- 
tered, tlui larger par- 
ticles of dirt being re- 
strained by the brass 
screen, while the re- 
mainder is held by the 
Avasto pings. A pet- 
oock is soldered to the 
bottom of the tajik, so the filtered oil may b(‘ drawn out as needed. 

Requirements of Lubricating Oils. — Much difference of opinion 
exists relative to the b(\st grade of lubricating oil to use in the 
automobile power plant, some repairmen favoring the use of a very 
light, free flowing oil, others recommend oils of medium body. 
Tl;e b(‘st oil to iise dep(*uds entirely upon the type of power plant 
and closeness of fit between the parts of the nieciianism; no one 
grade of oil is suitable for all engines. The following extract 
from a paper read by Harry Tipper, an authority on lubricants 
and lubrication, before the S. A. E., outlines the points involved 
in the selection of a suitable lubricating medium very clearly, and 
may be read with profit by all motorists and repairmen. 



Pig. 223. — Easily Made Oil Filter for Garage 
Use. 
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“InasiiHR'li as the arbitrary tents to determine tlie physical 
cliaractej’isties of the (ui do not illuminate its value for any par- 
ticular purpotKC, l<‘t ns consider Avliat tlie oil should do. In order 
to liriiig- this ilireetly to the imiut of greatest interest to the 
society, that is, the lii))rieation of the motor of automobiles, let 
me suggest tlie reqiiiremonls Avhieli a lubricant for this purpose 
should meet: 

1. The oil slionld ])os.se.ss a >suffieieJit body to keep the bearing 
MirTat'es apart at the tem})erature at which the bearings run. 

2. It should jxjssess sue!) qualities as wilt r(‘dncG the friction 
to a minimum. 

The liash point sliould be suffieiently high to insure against 
llie jn’esence (‘f volatih* eonsliluents. 

4. It should reiiiaiji ilui<l at sJieh lou' temperatures as will be 
met in service eojidiiions. 

5. It should have no tejideiiey to decompose or to form such 
deposits as will gum up the machine and increase the friction, 
where the ohj(‘Ct is to decrease it. 

6. It should contain no ingredients which will corrode or pit 
the metal. 

'"In considering the (lualifications to be added to these general 
requirements in order to define a])plieation to tlie mechanical con- 
ditions of cylinder lubrication, it is necessary to consider the ques- 
tions invidved in the operation of an internal combustion engine, 
which are different from those of any other type. AVhat I have 
to say now may appear very eleinonlary from a mechanical stand- 
point, hut unless it is mentioned, the importaid bearing which it 
has upon lubrication will not he as obvious as T want to make it. 
After a charge lias been taken into the cylinder on the suction 
stroke it is compressed 1o from riO to 75 pounds before being fired. 
Naturally upon the starting of the compression stroke there is a 
tendency for the gasoline mixture to leak. There are tw^o ways 
of obviating this dilTiculty, of securing full compression. These 
tw'O w^ays might be stated as mechanically secured eornpression, 
formed by the close fit lietwx^en the piston or piston rings and the 
cylinder w-all; or compression secured by liquid seal, which means 
the use of an easy clearing between the piston rings and the 
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cylinder 'vvall and tlio scaling of the spai'c Ixdweeu them by the 
use of a proper kind of Inbricating oil. In respect to the ini'- 
chanically secured comprejssion the following points are woi’tli 
noting as axioms which must be taken into consideration in csli- 
matiiig the conditions: 

1. The e.Joser tlic fit, that is, the less the clearance between 
the pistoji and cylinder walls, tin* iiion* the jxnver absorbed in 
turning the engine over. In fact, it is possibh^ to si'cure perfect 
coni[)ressi()n in Ibis way only by securing so tight a fit that tlie 
nniclianism will iu)t turn. Even in |>rac1iee good compn-ssiori can 
be secured otdy at tlie sacrifice oT snnn: ol the elb-ctive i»owcr. 

2. I'iie e](»ser the ineehani<*ai fit betw(‘en j)ist(>n ami cylind'n' 
walls lh(' tlihiper a Inl^ricaling oil vlii<‘h will woi*k its way Ixdween 
lluin. Tlui tliinmn* lh<* lid)ricating oil the gi*eat(‘V \^ill be llu' 
wear aivd tear, (jei-nuse oT tin' imt)ossil)iliiy of lv('(‘]>ing 11i(‘ metal 
surfaces a])art wlu're tlie eJearanecs are so small and tlie lubricant 
must be sucli a. slight film. 

^'AVith these conditions, when wear and tear has once begun, 
every stroke of the engine increas(*s the loss of eomi)re.ssiou, the 
consiim|)tioii of lnl)ri<*ating oil, the ennsumption of gasoline, in 
l)roportioji to the amount, of j)()\ver, and, in fact, deeivase.s Of)])- 
tinually the eHiciency of the m^dor. Alou will n'adily sec the im- 
possilhlity of securing ami maiiilaitiing maximum etliciency under 
the conditions. The motor after leaving tlii» faetory is run at great 
variatiojis of siieed and considerahh* variation of load. Tli se 
valuations are fpiite rapiil and frequent. On account, of tlie inc- 
cliaiiical conditions of tin*, motor you have reconnm'mled a very 
thill, light lubricating oil for the motor, niid(*r the guarantiu*. 
This lubi'icating oil lias no ])articiilar ad!u‘si\emss and Avill flow 
as readily from the cylinder wall as to it. Oonse(|iiently, during 
the rapid and fre(ineiit variations of sj»(*ed, cylinder walls ai-e 
sometimes ovcr])nrdeiiod with oil and sometimes practically dry, 
making wear and tear e.\cessivo and naturally resulting in a very 
rapid increase in the spaei* between the ])istou and cylinder wall. 
This wear and tear is not thorouglily even; the clearance is larger 
in some places than in others. Then the lubricating oil flows fi-ci'ly 
np and down flic Avails <*f the cylinder and then* is m*ver any time 
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when just the i)roper amount of oil is on the cylinder wall. The 
oil is so thin that it cjuinot he hold in the increased space, eon- 
st^qucntl.v on the eomY)rcssion stroke the ^asfiline mixture escapes 
past the piston, dosiroyinjr tlie lul)i*ic*atinj^ oil in tin* crankcase, 
and rodiicinf^ from lo to .'10 per cent, the i)Ower which slionld be 
secured rroin the oasolino. Further, the condition under discussion 
is rcsi)onsil)le largely foj* tlie carbon which is so constantly hiding 
rxi)erioiici‘d on accoilnt of the fact that tlu' oil, hc‘iiijif vi'ry lij^ht 
in body and fi*oo-flowin", is drawn up durinjr tlie suction stroke 
into the compression chamber and onto the pision head, where it is 
distilled. ]ea\in<}: a c'(!k(‘ baked on tlie i)iston Jiead in Ihe first ring, 
upon the valves, etc. 

('"oiisidiM*, instead of^he Tnecliaiiieally se(*u]*c‘d cniupmssion used 
in cfniiieclinn witli lliiu oil, eoi.ipr(‘Ssiou whieli depends upoji the 
use of luhi’ieatiug oil, the eh‘aranci's being largvi-. l-h'nm thi^ sland- 
poiiit of the m(‘(*hariical eflicieucy of any ]>f)wer geueralor. and, in 
lact, any moving e(|ui[)meut, tlie best fit — that is, the mei'hanieal 
lit wliicli absorbs tin' least amount of ]>ower due to friofion in the 
]>ower generator itself — is an easy sliding fit. If depend('uce is to 
laid, liowevm*, U[M)ji tlie metal and not ujaui the liibri(‘ating oil 

10 maintain comi)r(‘ssi<in, this easy sliding fit is too loos(‘ to give the 
eomjuTSsion recinind. If, however, it is iuleuded to secure the 
eo]n])rcssioii by the li(piid seal of the lubricant, tlii'ii an easy 
sliding fit can be given to the motor, a snfilcieiitly heavy-liodicd 

011 used for lubricating witli the result that the metal surfaces 
can be kei)t ai»art, tlie compression can be mainlaim^d so that 
there will be [>ractically no change in the lubrivatiiig oil in the 
crankcase, and only the ordinary wear and tear on a properly 
liibrieated surface will take i)lace, which wear and tear is iiifinit(*ly 
slower than I Ik* wear and tear wliicli usually occurs under the con- 
ililions previously nKOitioned. In working out lubricating c!ls for 
automobile engines we are using to-day oil of 200, 300, 500 and 
ToO viscosity; the oil of 200 seconds viscosity being used (‘utircly 
for those motors which are b<‘iiig made with clearances too small 
to permit of the oil of the proper body being usi;d. Tliousands of 
tests by private owners, which, while they may not be aee-urate, 
indicate the general r(*sult that in pracfice l»y the use of these 
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lieavier dlls liicy linve sccnrocl from 10 per coiit. to 20 por oenl. 
and iji soiiio (-ascs i.?0 per cent, more power from tlie fuel, 
owing 1o tin* saving of any loss on tlie compression stroke. On this 
account they Jiave also used less lubricating oil, due to the fact 
that there is Jio admixture of gasoline, deterioration conseciuently 
being very slow. There is also less wear and tear on the cylinders 
and practically no trouble from carbon.'’ 

Peculiar Cause of Overheating. — A jnotorist who owned a 
very good make of car was botliered by a partieAibirly severe case 
of overheating, and was at a loss to find its true cause. The motor 
W’as thoroughly overhauled to make sure that the Inbi-icating sys- 
tem was functioning properly, the interior of the w’aterjackels was 
cleared of all inenistation, the radiatoj* replaced by one of larger 
capacity, the pump and water piping examined to insure that the * 
water circulation was brisk, the exhaust valves gone over to make 
sure that they lifb*d (uiough to release the gases and that they 
opened early enough, and all important membei's in the transmis- 
sion system were iiispectcKl to see. that there was no binding or 
harsh action at those i>oijits that would absorb power. l)esj>ite all 
the precautions taken, the car continued to overlicat and nothing 
the local repaij’inan could do prevented the trouble. The wu'ittu' 
W’as filially asked to give an opinion, and aftt*i* the various reme- 
dies tliat had been apiilied iaetfeetnally had been described in de- 
tail, it seemed that but little bad been overlooked, and the case / 
assumed that niystericiis aspect that often puzzles (*ven the most * 
exiiert of repairmen. 

The ear was not fitted with a muftlcr cut-ont valve and the 
writer noticed that the miifller seemed particularly efficient as re- . 
gards silence, a barely iierceptible sound being lieard as tlie gas 
was diseliarged in tlie air. As the overheating was accompanied by 
loss of power, and as the engine had very little power even 'when 
cooled it was assumed that the ov(»rheating w^as due to some condi- 
tion of the mixture, but varying this till it w^as so thin that the 
engine bacMred through the carburetor did not improve either 
the power or the chronic overheating. As an exiieriment, the 
muffler was removed and the car operated with a direct exhaust. 
The result was a revelation, as the car not only liad all the power 
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ono could reasonably expect, but there was not the slightest sign 
(if overheating. ^ 

It was then clearly cvidc'ut tliat the imiffler was at fault, so it 
was taken apart and the interior caretully oxainined. TJie design 
was such lliat it would have been a very tdl’eelive silencer even in 
noriiial condition, and the fact that eais of that make had a very 
enviable reputation for silence kept all eojieenied from suspecting 
lJ;e imifller until nearly everything (dse had been tried. The prin- 
ciple of action was to break up the gases before tlu'v reached the 
air by passing them through a number of bafile j>lales placed at 
intervals in the muffler shell, these being pi-rforated by a. graduated 
sei'ies of holes to allow the gas to i)ass through. The first holes, 
that is, those nearest the exhaust intak*^ opening communicating 
with the engine were alv)nt 54 iuch in diameti‘r, but each suc- 
ceeding baffle plate had smaller openings but a greater number, 
so that the available discharge area was practically the same in all 
the partition plates, in the member nean^st the diseharge end of 
the muffler the lioles w'ere normally )4 iuch in diameter. 

The engine w'as fitted with a constant level splash system that 
insured copious lubrication and the owner had iiot spared the oil. 
The result was that acc\nnulations of soot Inul filled the small 
lioles so that they were less than half their normal diameter and 
the back pressure resulting from lliis reduction of area liad caused 
both the lost pow'er and ovcrlieating. The holes Avere drilled out to 
a larger size, %(j inch, so they w’ould not he so liable to fill up 
again, and after the muffler had been thorough v cleaned so that 
all soot was removed from the entire series of baffle plate openings, 
the component Avas replaced and the trouble ceased. Enlarging 
the holes produced a little freer discharge and the car was just a 
trifle more noisy than it had been prior to the lime the holes 
clogged up and caused defcctiA'c engine action. Enlarging the 
openings was advisable, liOAveA^er, as they were not so liable to 
clog up. 
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L()(’ATloy AND KinEKDV OM IfJMTlOX FAUT.TS 

Batloiy Ttjnitioii f^yslern Parts— Care ainl Wirliij' of Dry Colls --Storatjo 
Battery Defoels — Storage liaH^'ry (’liar<*iiijj;' ainl Xrai'.iietiance — Tj^nition 
Tiioera— -Spark IMajifs — IiiMuetiou Coil Fault*' — Adjust Coil Vibrators 
— Low 'reiisioii l;;iiitii)n System — ^^a^ncti^^ Spark Plii^ System — Wiring 
Troubles and Kl<‘i t’o^l al n Kfl'eeis Maj^mdo l'’orrris--Tronblos witb 
lligli 'riMision Mai'iieto — Ctmlatd. }ir<*akfr. Care ainl Adjust ment- -Be- 
eliargiug Weal; Maginds — Tran.tforiiier Coil Magneto Systrin — Dual 
Aragneto System— M aster A'ibratnr Ignition Systems— Double and 
Trijde Ignihon Melliods -Two Spark Ignition —''riming Battery Ignition 
Systems — Tuning High Tmisioii Magnetos — Firing Ortlers of Typical 
J'uigines. 


Tjifuk lins lioiMi no purl of the auloinohile that luis betdi 
oIiiDigeil iiioi'i' often lliiiii 1 ]i(‘ Ignition systeni. I'he first, ears had 
.simple hattery and c<'il ignilion, Iheii willi the inlrodiiotioii of 
tlio higli tension magneto tlu* systems wtoa; iisiiaJly eoinbined on 
11)0 same (‘iigine in order to secure doiilde ignition systems, either 
Olio lieiiig inde])eiident of llie otJier. Fjater, as the magneto heeame 
refined and improved, a number of makers discarded the battery 
ignition syshin and |*iae(‘d their entire relianee on the magneto. 
Wit.Ji th(‘ eoming of tlie demand for eb'ctrieal motor starting and 
Jiglitiiig systems came a revival of tlie battery ignition rnetliod 
Avliii'li liad Iieen di.s('arded for the bigli tension magmde. 'File 
main reason for using the magneto in iireforenee to thii battery 
system was lliat ignilion became weaker Avith the biller after the 
engine had been i-nn for a time owing to a lessened output of the 
batlery. Tin* niagm'to whieli generates electricity by a mechani- 
cal process had lln* ailvantage liecausc tJie faster it was driven 
tlie more current il delivered. 

In th(j model'll antoniobiles electrical current generator is 
provided, run by the engine which is di.'pended on to charge a 
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storage battery while tJie motor is running, the current for igni- 
tion and ligliting l)eing taken from tlie storage battery instead of 
directly frojn the generator wliieh tlelivers ti current of varying 
output depending upon the eiighie sp(‘ed which in turn regulates 
the rate of generator arinatnre rotation. On many ears thenjfons 
flic battery ignition systems are nsf‘d as tlie use of the generator 
keeps tile battery eliarged always to the proper point for securing 
enei'getic ignition. The autoinoiiile n'liainnaii will have cars to 
re[>air that will use a wide vari(‘ty of ignition systems, as many 
of those fitted with IJie simple battery and eoil are still in usi) 
w'liile a very largo number are equipped solely with the high ten- 
sion Tiiaguelo. IMost of the newer ears will use imi)rovod battery 
igniiiou systems with tin* high tejisiou magneto eliminnted. 

Battery Ignition System Parts.— -A battery ignition syslem in 
its simplest form consists of a current producer, usually a .SL‘t of dry 
cells or a storage battery, an induction coil to transform the low ten- 
sion current to one having sufficient, strength to jump the air gap at 
the spark ]>lug, an igniter member i>laeeil in the eomhustioii eham- 
lier and a ti trier or mechanical switch operated by tin; engine so 
lliiil tlie circuit will be closed only when it is desii*('d to have a 
spark take place in the cyliiuler.s. Battery ignition .syst(‘nis may 
be of two forms, those in Avhicli the battery current is ste)'i})ed uj) 
or intensified. to enalile it to jump an air gai^ Ix'tween the i)oints 
of the spark plug, tlK\se lieing called “high tension” systems and 
the. low tension form in wliich the battery enrrenl is not inten- 
sifiiid to a great degree and a spark produced in tlu' cylinder by 
the action of a inechanieal circuit ])reaker in the Liombustion cham- 
ber. The low tension system is the simplest electrically but the 
more complex meclianically. The high tension systiari has the 
fewest moving parts but numerous electrical devices. At the pres- 
ent time i)ractically all automobiles use high tension ignition sys- 
tems, but as the repairman may have occasion to overhaul an ‘‘old 
timer” instructions are given for repairing tlie low- tension igni- 
tion systems as w'cll as the more popular forms. Low tension igni- 
tion methods are still used in marine engines, so a mechanic wrork- 
ing on these types as w^cll automobiles should familiari/.e himself 
with the principle's of both high and low’ tension ignition systems. 
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Iffnition tr()nl)l«\s nrc iisiiiilly oviiloiicuMl by irrc-^fiilur ongino 
action. Tlic motor 'will iml run rogularly nor will the explosions 
follow in even sccjuenec. There may be one cyliiuler of a multiple 
cylinder motor that will not fnnetion at all, in whieli oast' ttii' 
trouble is inirely local, wlieri'as if all llo* eyliiuleis run irregularly 
tliere is some maiji eonclition outside of the engine its(*lf that is 
causing the trou))l«\ As eoiuj)h‘1<* instructions are given at the 
end of this ('lia])ler for a systtmiatie seun'b. to locate troubles and 
as these )nay bo readily identificsl by the symploms described, it 
is not nee(‘ssary to (hv(*ll on this i)oint any longm*, at the present 
time. In a battery ignition system the first point to lie suspected 
in event of irregular ignition is lack of capacity in tlie current 
prodneer. 

Care and Wiring of Dry Cells. — Tlie simph'st form of curreni; 
producer is the dry c<‘ll wliich is shown in S(‘ction at Fig. 224, A. 
A zinc can ala^ut fi inelu's Jiigh and 2 ] 2 inelu*s in diameter forms 
the negative element <d' the dry cell and also serves as a container 
for the eleidrolyte and positive ehuneiit. A carbon rod placed in 
the ccniter is iijsulat(‘d from contact with the zinc can by a seal 
of pitch wliii'li is a uon-eonduetor of electricity and wdiieh also 
serves to rdain llie moisture in tlie cell. This carb«)n rod does not 
extend entii’ely to the bottom of tlie cup. The exciting Huid or 
electrolyte is a solution of sal amiloniae which is held against the 
ueghtivo element by blotting paper wbicli is used as a lining for 
the zinc ean. The s[)aee between this active lining and the carbon 
rod is filled witli a dej^olarizing agent, usually black oxide of 
manganese, wliieh is mixed with pow'dered gas i*etort carbon, the. 
>>'11010 being saturated with exciting fluid in order to inci*ea.se the 
electrical conductivity of tlie depolarizing mixture and aW) to 
keep the blotting ]>aper lining properly moist. The dcpolarizor 
fs necessary to enable the coll to be used continuously as it gives off 
oxygen to comlnne with the electrolyte after it lias given u]) its 
chlorine to the zinc wdiich loaves hydrogen to combine with the 
oxygen and form W'ater. Tt will be observed that a dry cell is very 
simple in constnietion and that nothing is apt to occur that will 
reduce its capacity except diminution in the strength of the elec- 
trolyte or eating aw-ay of the zinc can by chemical action. The 
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^lonicTits ill a (Jry o<‘ll iiro iisiuilly ooinbiiu'd in suoli proportions 
that about Ihe tiino tlio olortrolyto is exlunistod, tin* zinc can will 
• also havo outlivrd its ns^rulnoss. It is nnuili t-Iioapor to replaoo 
dry rolls with now onos than to at tom pi to ropair tho oxlmnstod 
^on<\s. 

.A l^vaj)oi*aiiori of tin* olootrolytc* is tho main Oiiuso oT dotoriora- 
tion of dry eolls as tla* ititoi-nal rosislaiioo oT tho roll i!ior<*a.sos when 



Fig. 221. — View at A, Showing Internal Construction of Dry Cell Battery. 
B. — ^Method of Testing Dry Cell with Amperemeter. 


the moisture evaporates. Tt is said that dry colls will depreciate 
oven M’hen not in use, so it is important for the repairman to buy 
^ these ofily as needed and not to keep a larjife stock on hand. Jii 
order to test the capacity of a dry coll an amperemeter is used as 
^ indicated at Fig. 224, B. Amperemeters are made in a variety 
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of Coinis, some being combined with volt imiters, as shown at 
Fig. 22b. The combination iustrument is the best form for tlie 
repairman to use as tlie volts scale can be employed for testing 
storage batteries wliilc the amperemeter scale may be utilized in 
determining tlie strength of dry cells. A fully charged, fresh dry 
C(?ll should show a current output of from twenty to twejity-tivc 
amperes. If the cell indiciates below six or si^vcui amperes, it 
should l)(^ discarded as it is apt to be (ixhansted to such a point 
that it will not furnish current enough to insure energetic or re- 
liable ignilioii. Dry cells should always l)(‘ stored in a cool and 
dry place', so that the electrolyte will not evaporate. If moisture 
is given an ojiporl unity to collect on the top of the pitch seal it 
will allow a gradual loss of current due to short circuiting the 
cells. In applying an amperemeter, care should be taken to 
ahvays connect the positive ti'rminal marked with a plus sign 
against tlie, carbon terminal. In tlie indicating meter shown at B, 
it. is necessary to use only ota* eontact point which is pressed 
against the screw' j)assiiig through the carbon rod. The case of 
the instrument is placed in eontaet with tin; zinc terminal to com- 
plete the circuit. A flexible wire is usually included in order to 
test the amperage of a group of cells should this be thought neces- 
sary. When dry cells are used for automobile ignition, they 
should be carefully packed in box made of non-couducting ma- 
terial, such as wood, and securely covered so that there will he no 
chance for water to enter the eonlainer. If placed in a sluMd metal 
case, care should be taken to line the box with insulating ma- 
terial and also to pack the cells tightly so they cannot shake 
around. The best pi*actice is to use wedges or blocks of wood 
wiiieh are driven in between the cells to keep them apart. In 
no case should a dry c(il he jilaced directly in a steel box, as 
the binding posts on the zincs might come in contact with the 
walls of the box and tend to short circuit the cells, producing 
rapid depniciation. A battery box should always be i)laccd at a 
point where it is not apt to be drenched with water when the 
car is washed or should b(? watertight if exposed. 

When dry cells are used for ignition there are tw'o practical 
inethods of connecting these up. At least four dry cells arc neccs- 
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Terminals In contact Frayed wire 


^ Fig. 225. — Methods of Connectiug Dry Cells and Precautions to he 

Observed When Wiring. 

sary to smirc satisfactory ignition and much more energetic ex- 
plosions will be obtained if five or six are used. The common 
method is to join the cells together in scries as shown at Fig. 
^225, A. When connecting in this maimer the carbon terminal of 
one battery is always coupled to the zinc binding post of its 
neighbor. Connection would be made from the carbon of the first 
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cell to r.io zinc of tlic second, from the carbon of the second to» 
the zinc c f the third, and from tlie carbon of tlu? third to the 
zinc of Ilio fonrtli, this leaving the zinc terminal on the first cell 
and tlie cai'l){.)ii terminal on the fourth cell free to lx, joined to 
the external (*ireuit. When dry colls arc coniieeted in series the. 
voltage is augmented, that of one cell being multiplied by tlie^ 
number so joined. The amperage remains the same as that of 
one cell. If a dry cell lias a potential of 1 ! 4 v(»lls, a battery com- 
posed of lour e(‘lls would show 5 volls. When dry batteries are. 
used for lighting i)urpos(‘s or for igniting jiinltiple cylinder en- 
gines, in (ird(*r to obtain better results, tliey ai’e eonm'eted in 
series niultiph', as shown at Ih Three si‘ts of cells joined in seru's 
are placed siile by side* with the fn'e carbons at one end in line 
and the zines at the (dliev also ij) line. . three earbons ar*|j^ 
then joined logidher by one wire, the lhr(‘(» zinc termijuils by aii- ■ 
othej', \Yh(*ii joiiied in Ibis maimer llie hatt(‘ry has a voltage eipud 
to tliat of four cells and an amiH'rage equal to that of three cells. 
If cl series connected battery as at A, indieatt's 5 volts and 20 
amperes, the scu'ies multiple connection ar 1> will indicate 5 volt,\ 
and (iO amp(U*es. When cells are joined in multiide the drain 
<n Jiny one cell is reduced and it is not so likely to become ex- 
hausted as \Nheii four are used in series. The points to be watclied 
out for wlieii installing drysalteries are clearly outlined at tlie 
bottom of Fig. 225. It will be seem that it is not desirable for 
terminals to come in contact with each other or with the sides ot^ 
the box nor is it conducive to good ignition to have the zinc shells 
in contact. A loose terminal on any one of tlie batteries will re- 
sult in irregular ignition wlnle a broken wire will interrupt 
altogether. If the insulation is frayed where a wire passes througii 
a hole in a metal battery box trouble may be experienced due to 
short circuiting of tlic current between the bare wire and the 
steel box, •which may be grounded. 

Storage Battery Defects. — The subject of storage battery 
maintenance was thoroughly covered in a paper read by IT. M. 
Beck before the S. A. E. and published in the transactions oii 
the society. Some extracts from this are reproduced in connec- 
tion with notes made by the writer and with excerpts from in.‘.s- 
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stniction books of battery inamifactiirers in order to enable the 
reader to secure a thorough grasp of this important subject with- 
out consulting a mass of literature. Endeavor has been made to 
simplify the technical points involved and to make tlie exposition 
as brief as possible witlioiit slightijig any essential- i;)oints. In 
view of the general adoption of motor starting and lighting sys- 
l(‘ins on all modern aulomohiles, the repairman or Jiiolorist must 



Fig. 226.-^Two Forms of Combination VollrAmperemeteis for Garage 

Service. 

pay more attention to the electrical apparatus than formerly 
needed when the simple magneto ignition system was the only 
electrical part of the automobile. The storage battery is one of 
the most important parts of the modern electrical systems and 
all up-to-date repairmen must understand its maintenance and 
charging in order to care for cars of recent manufacture intelli- 
gently. 

A storage battery, from an elementary standpoint, consists of 
two or more plates, positive and negative, insulated from each 
other and submerged in a jar of dilute sulpliuric acid. The plates 
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consist cf finely divided lead, kiioAvii as the active material, hold 
in grids which serve both as siii)i>orts and as cojuluctors for the 
active niatorial. Tlio active material Ix'iiig finely divided, offers 
an enormous surface to the electrolyte and thas electro-chemical 
action can take place easily and (iiiiekly. Two ])lates such as dc^- 
scribed, 'would have no potential diffeixuiee, the active niaterial of 
each being the same. If, however, current from a,ii outside source 
is passed between them, one, thi‘ positive, will become oxidized, 
w'hile the other remains as Ixdore, pure, lead. This combination 
will be found to have a i)otential diftVrenec of tiboiit two volts, 
and if couneeted tlirough an external eireuit, current will ficnv. 

During discharge, the oxidized plate loses its oxygen and both 
plates will bcc'oiue snl[)hated until, if the diseliargc is carried far 
enough, both i)lates will again ))econ[ie chemically alike, the active 
material eoiisisting of had sulphate. On again charging, the 
sulphate is driveii out of both plates and the jmsitive plate oxi- 
vliz(‘d and this cycle can he rej)eated as often as desired until rhe 
plates are worn out. Thus cliarging ami discharging simply re- 
sult in a cheini<?al change in the active matiTial and electrolyte, 
and the potential difference between ihr. plates and cai)aciiy is 
due to this change. , 

In taking care of a storage battery, there arc four points 
which are of the first importance: 

First — The balt(?ry must be charged prop(‘rly. 

Second — The battery must not be ovei-discharged. 

Third— Short <'ircuils bctwecm the plates or from sediment 
under tlmin, nuist be prevented. 

Fourth — Ilie plates must be kept covei'ed with electrolyte and 
only water of the proper purity used for replacing evaporation. 

In the event of electrical trouble which may be ascribed to 
weak source of current, first test the battery, using a low reading 
voltftietcr. Small pocket voltmeters can be purchased for a few 
dollars and will be found a great convoiiience. Cells may be 
tested individually and as a battery. The proper time to take 
a reading of a storage battery is immediately upon stopping or 
while the engine is running. A more definite determination can 
be made than after the battery has been idle for a few hours and 
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Fig. 227. — Devices Used iu Charging and Caring for Storage Batteries. 
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lias rceuperated more or less. A single cell should register more 
than two volts when fully charged, and the approximate energy 
of a three-cell battery should be about 6.5 volts. If the voltage 
is below tills the batteries should be recharged and tlie specific 
gravity of tlio electrolyte brought up to the required j>oint. If 
the liquid is vei*y low in tlie cell new electrolyte should be added. 
To make this fluid add about one part of chemically pure sul- 
phuric acid to about four parts of distilled water, and add more 
water or acid to obtain the required specific gravity, wdiich is 
determined hy a hydrometer. According to some au1.horiti(‘S the 
hydrometer test should show the specific gravity of the electrolyte 
as about 1.208 or 25 degrees Baume wdien first prepared for in- 
troduction in the cell, and about 1.306 or 34 degrees Baume when 
the cell is charged. 

The following table giveis the corresponding specific gravities 
and Baume d<^grees; 


Bun me 

specific Gravity 

Bailing 

Specific Gravity 

0 

1.000 

18 

1.141 

1 

l.OOG 

19 

1.1.50 

2 

1.014 

20 

1.160 

3 

1.021 

21 

1.169 

4 

1.028 

22 

1.178 

5 

1.035 

2.3 

1.18S 

a 

1.043 

24 

1.198 

. 7 

1.050 

25 

1.208 

S 

1.058 

26 

1.218 

0 

1.006 

27 

1.228 

10 

J.07t 

28 

1.239 

n 

1.082 

29 

].2r>0 

12 

1.000 

.30 

1.260 

i;« 

1.008 

31 

1.271 

11 

1.106 

32 

1.283 

in 

1.115 

33 

1.294 

10 

1.124 

34 

1.306 

1 - 

1.132 

3.5 

1.318 


The appeinh'd convcTsion formula and table of equivalents 
will be found of value in changing the reading of a hydrometer, 
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<vr Acddoineter, from terms of specific gravity to the Baume scale 
or vice versa. 

8p. Gr.“- at 60® F. 

1 45 — Baum 6 degrt ca 

Eitlier voltage or gravity readings alone could l)c used, but 
as both have advantages in certain cases, and disadvantages in 
otlicrs, it is advisable to use each for the puri>ose for which it 
is best fitted, the one serving as a cheek on the oilier. Voltage 
lias the great disadvantage in that it is dependent upon the rate 
of current flowing. Open circuit readings are of no value, as a 
cell reads almost the same discharged as it does charged. On the 
other hand, a voltmeter is a very easy instrument to read and 
l^may he located wherever desirable. Specific gravity readings are 
almost iiidependont of tlie current flowing, but the hydrometer 
is difficult to read, not very sensitive and the readings must be 
taken direetly at the eells. 

Charging the Storage Battery. — Great eare should bo used 
in ehargiiig and the eharging rates givcui by the various manu- 
facturers should be followed whenever possilde. It is essential 
that the positive wire carrying tlie charging current be connected 
with the positive plates of the battery. The positive pole of a 
cell is usually indicated by a plus sign or by the letter “P.” In 
case of doubt always ascertain the proper polarity of tluj termi- 
;uals before charging. This is done by immersing the ends in 
acidulated water, about an inch apart. The one around which 
the more bubbles collect is the negative, and sho dd be connected 
with negative pole of the battery. If a cell is not connected prop- 
erly it will be ruined. A battery ahvays should be charged, if 
possible, at a low charging rate, because it will overheat if ener- 
gized too rapidly. The normal temperature is between 70 and 
90 degrees Fahrenheit. When the battery is fully charged the 
solution assumes a milky .white appearance and bubbles of gas are 
seen rising to the surface of the electrolyte. All foreign matter 
should he kexit out of the batteries as any metallic: substance find- 
ing its way into the cell or between the terminals will short circuit 
the cell and perhaps ruin it before its presence is known. The 
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terminals* the ontsklc of the cell anti all connections^ should 
kept free from acid or moisture. A neglect of these essentials 
means corrosion and loss cf capacity by leakage. Tiiere is one 
point in connection with the charge whicli slioiild he especially 
emphasized, namely, that the final voltage corresponding to a full 
charge is not a fixed figure, but varies wid(*l.v, depending upon 
the charging rate, the temperature, the strength of the electrolyte, 
and age of the battery. F>r this rc'Mson, charging to a fixed volt- 
age is unreliable and likidy to result disastrously. The charge 
sliould be continued until the voltage or gravity cease rising, no 
jaattor what actual figures are reached. Old cells at high tempera- 
tures may not go above 2.4 volts per cell, whereas if very cold, 
diey have been known to run up to three volts. 

The points to be especially emphasized in connection with the 
fharge are: 

First — On regular charges keep the rates as low as practical 
and cut off the current promptly. It is preferable to cut off a 
little too soon rather than to run too long where there is any 
question. 

Second — Overcharges must be given at stated intervals and 
continued to a eomplcle iiiaxijnum. They should be cut off at the 
proper point, but whcui in doubt it is safer to run too long, rather 
than to cut off too soon. 

Third — Do not limit the charge by fixed voltage. 

Fourth — Keep tlie temperature willun safe limits. 

Fifth — Keep naked flames away from cells while charging as 
the gas given off is inflammable. Always see that gas vents are 
clear before charging. 

The following tabic will undoubtedly be of value as a guide 
to the proper charging rates of batteries of various ampere hour 
capacities, the assumption being that these are all 3 cell batteries 
that will show between 6.5 and 7.5 volts when fully charged. 
AVhile most manufacturers of liatteries furnish instruction books, 
these may he lost, so some compact reference Is needed. The overall 
dimensions of the batteiies are given so the capacity may be deter- 
mined even if tlie marks of identification on the name plate are 
obliterated. 
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TABLE OF CHABGING RATES 
Elba Liohuno Battebirb 


Typa. 

Normal 

Charging Kates. 
Amp. Required. 

24-Hr. 

Charg- 

ing 

Kate 

Volta 

per 

Cell at 
Kud of 
Charge 
Ht 

21- Ur. 
Itaifi 

Volts of 
Battery 
at 

End of 
Charge 
at 

24-Hr. 

Rate 

Size of Battery Over all 

No. 

of 

Cells 

Start 

Finish 

Length 
in in. 


Height 
in m. 

ELB— (MMH) 

9 

a 

8 



10? 8 



3 

£LB— 80-120 

12 

4 

4 


7J2 

''J'2 

W'i 


9H 

8 


D 

5 

5 

2^2 

m'H 

m 

9}4 

3 


m 


() 


714 

15?. 8 

7yi 

9y2 

8 

IIS1^-60-00 

0 

H 

3 


1 

m 

BB 

lU 

3 

IISB--80-120 

12 

B 

4 

ah 


11 

G 

10?i 

3 


IB 

5 

6 

wm 

7H 

12? S 

6 


3 

USB— 120-180 

18 

m 

6 



15 

6 

10% 

3 

PAB— 120-180 

18 

6 

6 

2H 

•JH 

lOH 

7!4 

14% 

3 


A battery may be charjyed from any source of direct current. 
Garages, central stations, lighting plants, etc., can do the work, 
and in many instances where direct current is used for power 
purposes, a simple charging outfit is operated from the dynamo. 
Where alternating current only is available, a rectifier which 
changes alternating current to direct current n ay be installed and 
the battery charged with no inconvenieneo and at comparatively 
small cost. All of tliose methods will l)c considered in proper 
sequence and typical charging outfits d(‘scribed. 

Remedies for Loss of Battery Capacity. — When a battery 
gives indication of lessened capacity it should be taken apart and 
the trouble located. If the cell is full of electrolyte it may be 
of too low specific gravity. The plat(‘s may be sulphated, due to 
lack of proper charge or too long discharge. The cells may need 
cleaning, a condition indicated by short capacity and a tendency 
lo overheat when cliargijig. Sometimes a di^posit of sediment on 
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the hottom of the cell will short circuit the plates. If the specific 
gravity is low and the plates have a whitish appearance, tiiere 
being little sediment in the cells, it is safe to assume that the 
plates are siilphated. Sediment should he removed frojii the cells 
and the plates rinsed in rain or distilh'd water to remove i)artich's 
of dirt or otijer adhering matter. 

The rate fit which the sediment colled s, depends largely upon 
the w^ay a battery is handled and it is, thi'refore, necessary 1o 
determine this rate for each individual case. A cell should be cut 
out after say fifty charges, the deidh of sc'dinient measured and 
the rate so obtfdned, used to determine the time wlien the battery 
will need cleaniiig. Ah tliere is apl to bo some variation in tlu; 
amount of sediment in (lilTmvnt C(‘lls, and as the ,S(‘dlmmit is 
throw'll down more i‘a[)idly during the latti^r ])art of a period than 
at the beginning, it is always advisable* to allow at least one- 
fourth inch cleai'anee. If the ri))s in the lioitom of the jars are 
]>'j inches higli, ligure on cleaning wdion the sediment reaches a 
depth of llj inches, llefore dismantling a battery for ‘‘washing,’’ 
if practical, liave it fully charge<l. Otherwise, if the idales are 
badly sulphated, they are likely to throw' down cousiderahle sedi- 
ment on the charge after the cleaning is comidelcd. 

There have heeii many complaints of lack of capacity from 
batteries after washing. Almost without exception this is found 
to be due to lack of a complete charge following the cleaning. 
The plates arc frequently in a siiliihated condition when dis- 
mantled and in any case are exposed to tlie air during the clean- 
ing process, and thus lose more or less of their charge. When 
re-fusscmblcd, they consequently need a very complete charge, and 
in some cases the C(juivalcnt of the initial charge, and unless tliis 
charge is givtni, the cells will not show- capacity and w'ill soon 
give trouble again. This charge slioidd be as complete as that de- 
scribed elsewhere in connection wdtli the initial charge. 

“Flushing” or replacing evaporation in cells with electrolyte 
instead of w’ater, is a most common mistake. The plates of a 
storage battery must alw^’ays be kept covered with electrolyte, but 
the evaporation must be replaced with purfe w^ater only. There 
s' Cirs to 1’!' a more or less general tendency to confuse the elec^ 
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trolyte of a slora{?e battery with tliat of a primary cell. The 
latter becomes weakened as the cell discharges and eventually re- 
quires I'onewal. AVith tlic storage battery, however, tliis is not 
the case, at least to anything like; the same degree, and unless acid 
is actually lost through slopping or a broken jar, it should m»t 



Fig. 228. — Simple Stand for Carrying Electrolyte or Distilled Water at A. 
Method of Using Rollinson Rectifier Shown at B. 

ifi- 

be necessary to add anything but water to the colls between clean- 
ings. Acid goes into the plates during discharge, but wdth proper 
charging it will all be driven out again so that there will be practi- 
cally no loss in the specific gravity I’eaclings, or at least one so 
slight that it does not require adjustment between cleanings. 
Thus, unless some of tlic electrolyte has actually been lost, if the 
spi'cific gravity r(‘aclirigs are low, it is an indication that some- 
thing is wrong, but the trouble is not that the readings are low, 
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but that something is causing them to be low, and the proper thing 
to do is to remove the cause and not try to cover it up by doctor 
ing the indicator. The acid is in the cells and if it does not show 
in the readings, it must be in the form of sulphate, and the jiroper 
thing to do is to remove the cause of the sulpliatioii if there is 
one, and then Avith proper eharguig, drive tlie acid out of t)ie 
plates and tho specific gravity readings Avill tlien come back to the 
proper point. The tno-frequent practice in such cases is to add 
electrolyte to the cells in order to bring up the readings, which 
as already explained, arc only the indication of the trouble, and 
tliis further aggravates the condition, until finally the plates be- 
come so sidphatcd tliat lack of capacity causes a complaint. This 
practice of adding el(’ell■(^lyte to cells instead of water, seems to 
be coming more and more common. 

If there is anij doubt about the polarity of the plates when re- ^ 
assembling after cleaning it is well to note that the pos^iiive plate 
is chocolate in color and the negative is gray. 

Wlien plates fir(3 sulphatod, to restore thc' i to their original 
condition it is n(‘cessary that the hatlery lie given a slow 

charge at about- a quarter or a third of the nonmO charging rate. - 
This should be continued until the electrolyte has reacln‘d the 
proper specific gravity and the voltage has attained its maximum. 

It should be understood that sulpluiting is a normal as well 
as an abnormal process in the charge and discharge of storage 
batteries, aiui the difference is in the dt‘gree, not the process. The 
abnormal condition is that ordinarily referred to by the term. In' 
normal service* sulphating does not reach the point where it is 
diilicnlt to r(*dnee, but if carried too far, the condition becomes so 
complete that it is dilTicult to reduce, and injury results. A very 
crude nietliod of illusirating the difl'erent degrees oE sulphating is^ 
to consider it as beginning in individual particl(*s uniformly dis- 
tributed throughout the active material. Each t>article of sulphate 
is then entirely surrounded by active material. The sulphate itself 
is a non-conductor, but being siUTonndcd by active material, the 
eiin*ent can reach it from all sides and it is easily reduced. This 
is normal sulphate. As the action goes further the particles of 
:iulphate become laj'ger and join together and their outside con- 
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ducting surface is greatly reduced in comparison with their vol- 
ume so that it becoiries increasingly difficult to reduce tliein and 
we have abnormal sulphate. 

The general cure for sulphating is charging, so that a cell hav- 
ing been meclianically restored, the electrical restoration consists 
simply in the proper charging. Sulidiate reduces slowly and on 
this account it is a good plan to use a rather low current rate. 
High rates cause excessive gassing, heating and do not hasten the 
process ai)preciably, so that it Ls the safer as well as the more 
eftieient plan to go slowly. A good riite is about one-fifth normal. 
The length of charge will depend upon the degree of sulphating. 
In om*. aetii.il ease it required three inontlis’ charging night and 
day to comi)l(‘te the operation, but lliis was. of course, an exeep- 
lioiial one. Tlie aim should be to continue until cand'nl voltage 
and gravity readings slioiv no furthei* ijiereaso for at least ten 
hours and an absolute n)axirniim has becai reached. In serious 
cas(\s it may be advisable to even exc<'ed this time in or<l(T to 
make absolutely sure that all sul]>hate is reduced, and \vlier(» tliere 
is any question it is much safer to eliargo too long, rather tlian to 
risk cutting off too soon. A partial charge is only a t(‘mporary 
expedient, the cell still Ixung sulphated will drop behind again. 

Battery Charging Apparatus, — Tiu* a[)pai’afus to be used in 
charging a storage lattery depends upon the voltage and character 
of the current available for that purixjse. "Where direct current 
can be obtained the apparatus needed is very simple, consisting 
merely of some form of resistance device to regii.ute the amperage 
of the current allowed to flow through the battery. The internal 
resistance of a storage battery is very low and if it were coupled 
directly into a circuit without the interpasition of additional re- 
sistance an excessive amount of current would flow through the 
battery and injure the plates. When an alternating current is 
used it is necessary to change this to a uni-directional flow before 
it can be passed through tlie battery. Alternating current is that 
which flows first in one direction and immediately afterward in 
the reverse direction. When used in charging storage batteries 
some form of rectifier is essential. Tlie rectifier may be a simple 
form as shown at Fig. 227, A, which is intended to be coupled di- 
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rcvtly iuto ii circuit by screwing tlie plug aitaclioci to the 

flexible cord in tlie lanip so<*kel. A rotary converter set such as 
shown at B, may also bo used, in this the albu’nating current is 
de]>emled on to run an electric motor wliicli drives the armature 
of a direct current dynamo. Tlie current to charge the battery 
is taken from tlie dynamo, as it is suitable for the* ])urpose, whereas 
that flowing tlirougli the motor cannot lie used directly. 

The view at Fig. 227, (1, shows a usual form of liydrometer- 
syringe which is introduced into the vent hole of the storage bat- 
tery such as shown at E and enough electrolyte drawn out of the 
cell to determine its specific gravity. This is shown on thc’hydroiii- 
eter scale as indicated in the enlargiid si'cdion at D. A very 
useful appliance where considerable storage battery work is done 
is sliowu at Fig. 228, A. Tliis is a stand of sirnphi form designed 
to carry a carlioy eontaining eitlnu’ acid, distilled water, or elec- 
trolyte. hi fact, it might be desirable to have tlir<*e of th(‘se stands, 
whieh are inex|)(‘nsive, one for each of the li<iiiids mentioued. In 
many repair shops the replenishing of storage batleries is done in 
a wasteful manner as tin* liijuid is carried around in a bollle or 
old Avater pilclier and pour(*d from that container into the battery, 
often Avitliout tin* use of a funnel. The chances of spilling are, of 
course, greater than if tln^ liduiils were earefully Jiandled and more 
time tliaii neei'ssa ry is eonsumed in doing the work. The stand sliowii 
is about 5 feet liigli and is fitted witli castors so it may be easily 
moved almut the shop if neet'ssary. For t*xampie, in taking earc 
of elect I’ic vehicle batteries it may be casii‘r to move the carboy 
to the battery Ilian to ri'inovc the heavy battery from the auto- 
mobile. Tlie contaim^r for tin; licjuid is places] on top of the stand 
and the liipiid is conveyed from it by a rubber tube. The rubber 
tube is attached to a ghuss tube extending down nearly to the 
bottom of the liquid. At the bottom of the rubber tube an ordi- 
nary chemist clip whicli controls the flow of liijuid is placed. In 
order to start a flow of rujuid it is neei^ssary to blow into a bent 
glass vent tube which is also inserted into the stopper. Once the 
rubber tube has become filled with liquid merely opening the clip 
Avill allow' the liquid to flow into the battery as desired. 

In most eomraunities the incandescent lighting circuit is used 
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for cliargjiif? L)attori(‘S on account of the vollage of the power 
circuits being too high. The incandescent lighting circuit may be 
any one of six foims. A direct current of either IdO or 220 volts 
used over short distances, eiflu*r 220 or 440 volts oil three wire 
circuits over long distances, alternating current at a constant 
potential, usually 310 volts and in various iiolyphase systems. It 
iniglit be stated that in the majority of instances house and garage 
lighting circuits furriisli direct current of 310 volts. Wo will con- 
sider the devices used. with the alternating form one of which is 
shown at Fig. 228, Ih This is known as the Jlollinson electrolytic 
rectifier which is based upon the following principles: When an 
element of aluminum and a eorr(*s])onding elermuit oi* plate of iron 
are submerged in a solulion of certain salts, using these elements 
as negative and iiositive tej-minals, respectively, the passage of an 
electric current tlirough the solution produces a chemical action 
wliieli forms hydroxide of aluminum. A film of hydroxide thus 
formed on tlie aluminu?ji elenumt repels the curreiit. Tll^ arrange- 
nunit of the cell will then permit current to pass Ihroiigh it in one 
direction only, llie film of chemical preventing it from passing in 
the opp(»site direction. The result is that if aji alternating cur- 
rent is supplied to the cell a direct ])ulsating eurj'(*jit ean be ob- 
tained from it. The outfits usually include a transformer for 
reducing the line voltage to tlui lov'cr voltages need(‘d for battery 
charging purposes. Regulation of the current is ctTected in the 
simplest type by immersing the elements more oi* less in the solu- 
tion in the jar. As complcde instructions ar ^ furnished by the 
manufacturers it will not be necessary to consider this form of 
rectifier in detail. 

One of the most commonly used rectifying means is the mercury 
arc bulb. This device is a large glass lube of peculiar shape, as 
shown at Pig. 229, which contains in the base a quantity of mer- 
cury. On cither side of this lower portion two arms of the glass 
bulbs extend outwardly, these being formed at their extremities 
into graphite terminals or anodes indicated as A jind A-1. The 
current from the auto transformer is then attached one to each 
side. The base forms the cathode or mercury terminal for the 
negative wires. The theory of this action is somewhat complicated^ 
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but may be explained simply without going too much into detail 
The interior of the tube is in a condition of partial vacuum and 
while the mercury is in a state of excitation a vapor is supplied. 
This conditioji can l)o ke])t up only as long as there is a current 
flowing toward the negative. If the direction of tlie current bo 



Fig. 220. — ^Wiring Diagram Defining Use of Mercury Arc Rectifier. 


reversed so that the formerly negative pole becomes a positive the 
current ceases to flow, as in order to pass in the opposite direc- 
tion it would require the formation of a new cathode element. 
Therefore the flow is always toward one electrode which is kept 
excited by it. A tube of this nature would cease to operate on 
alternating current voltage after half a cycle if some means were 
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Jiot provided to maintain a How continuously toward the negative 
electrode. In tlie General Electric rectifier tube there are two 
anodes and one eatliodc. Each of the former is connected to a 
separate side of the alternating current supply and also through 
n*actanecs to one side of the load and the cathode to the other. 
As the current alternates, first one anode and tlien the other be- 
comes positive and there is a eonliiinous flow towards the mercury 
cathode thcncc throngli the load (in this case the battery to be 
charged) and back to the oi)posite side of the supply through a 
j'eaetance. At each reversal the lather discharges, tlins maintainiug 
the arc. until the voltage n^aebes Ihe value re(inired to maintain 
the current against the counter ]•". M. V. and also reducing the 
fluctuations in the dii-ect current. In this way, a true continuous 
flow is obtained with very* sinall loss in transformation. 

A .small (')('ctrode conne(-ted to one side of the alternating cir- 
cuit is used for .starting the arc. A slight tilting of the tube makes 
a mercury bridge between the tern)i)ial and draws an arc as soon 
as the tube, is turned to a vertical position. The ordinary form 
used for vehicle t)atteri(‘S has a maximum current capacity of 30 
amperes for charging tlie lead platt* tyi)e and a larger form iii- 
teiuled for use with Pldisou batteries yields up to a limit of 50 
amperes. Those f(tr charging ignition bnttt'ries wdll pass 5 am- 
peres for one to charge* six colls and a larger one that will pass 
10 aiiii)eres for from three to ten batteries. As is true of the electro- 
lytic rectifier complete in.striictions are furnished by the manu- 
facturer for their u.se. 

The Wagner doviee, which is shown at P'ir. 227, A, operates 
on a now principle and comprises a small tw^o coil transformer to 
reduce the line voltage to a low figure; the rectifier proper which 
consists of a vibrating armature in connection w'ilh an electro 
magnet and a resistance to limit the How- of the charging current. 
A meter is included as an integral part of the sot for measuring 
the current flow’. All sets are sold for use with ignition or light- 
ing batteries of low voltage with a lamp socket plug and attach- 
ing cord, the idea being to utilize an ordinary lighting circuit of 
110 volts A. C. The magnet and vibrating armature accomplish 
the rectification of the current with little lass, the action after 
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eoniipction to the battery wliieJi is to be charged proceeding auto- 
matically. By a simple device, the current stoppage throws the 
main contacts open so the partially charged battery cannot be 
rapidly discliarged. While the rectifiers are constructed to use 
60 eycle, 110 volt alternaiing current they will work at all fre- 
quencies from 57 to 63. The size made will pass three to five 
amperes, the voltage being snflicieut to r(‘charge a three cell battery. 

Wlien batteries are to be charged from a direct current it is 
possible to use a rheostat to regulate the voltage at the terminals. 
The construction of a rheostat is very simple as it consists oidy 
of a group of high resistance coils of wire mounted in insulating 
material and having suitable eonneclions with segments on the 
base plate upon wliieli is mounted the operating arm that niaki*s 
the contact. According to the manjier in which these are jnade 
and win^d a large resistance is iiilrodiieed at first, gradually de- 
creasing us the lever is moved ov(t or it may operate in the re- 
verse fashion, a large amount of current ]>tMng allowed to pass 
at the first eonlaet and less as the handle i)rogresses across the 
path. Kheostats should only be purchased afp‘r ooiisulting a eaj)- 
nble elc(‘trieian as the required resistance uiiist be figured out 
from tlie voltage of the eircuit to be used, tlie maximum battery 
current, the charging rate in amperes and the number of cells to 
he charged at one time. 

By far the simplest merhod of charging storage batteries is 
by interposing a lamp bank resistance instead of the rlieo.stat. 
These arc easily made by any garage meclianic and are verj'^ satis- 
factory for charging ignition or lighting batteries. Standard car- 
bon lamps of the voltage of the circuit shown should be used and 
the amperes needed for charging can be coiiti’olled by varying the 
candle power and the number of lamps used. If the lamps are to 
operate on HO volt circuit, a 16 caudle power carbon filament 
lamp will permit one-luilf ampere to pass; a 32 candle power will 
allow 1 ampere to pass. If it is desired, therefore, to pass three am- 
peres through the battery, one could use 3-32 candle power lami)s, 
or 6-16 candle power lamps. If the lamps are to burn on 220 volts 
it should be remembered that when the voltage is doubled the 
amperage is cut in half, tliereforc the 32 candle power, 220 volt 
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carbon filament bulbs Avill only pass half an ampere. The method 
of wiring is very simple as may be readily ascertained by re- 
ferring to Pig. 230. The line wires are attached to a fuse block 
and then to a double ktiifc switch. The switch and fuse block 
arc usually mounted on a panel of insulating material such fis 
slate or inarbh*. One of the wires, tin* positive* of the circuit, runs 
from the switch directly to the positive terminal of the storage 



Fig. 230. — Charging Storage Battery from Dirr^^t Current. 

battery. The negative wire from the switch passes to the lamp 
bank resistance. The lamps are placed in parallel connection witli 
respect to each other but in series connection in respect to the 
battery. When coupled in this marmor the current must overcome 
the combined resistance of the storage battery which is very low 
and that of the lamps. This prevents the battery being charged 
with current of too high voltage. 

A complete commercial installation which has been used suc- 
cessfully with a direct current of 110 volts pressure and which 
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has a capacity for charging 30-6 volt batteries simultaneously is^ 
composed of two charging sets either of which may be employed 
independently or hotli may be used at same time. The method 
of w’iring is clearly shown at Fig. 231. Tn this a three wire system 
is employed for lighting. This consists of one positive wire and 
tw'O negative conductors, forming in reality two separate circuits 
so that .one lialf of the installation is on one' wire, while the re- 
mainder is on the othej- two. An ui)[)(‘r In’aneh is used merely 
for illnmination. On eith(‘r half of the thr(‘e win; double circuit 
is placed a bank of lamps, tliese being in serit^s with the batteries 
but tl)e lamps are in multiple with eaeh other. The hoard at the 
left has 9 sockets, that at the riglit 12 soekets. Tlie number of 
lanij)s ])laced in tliese and their candle ])ower regulate the amount 
of current in amperes that wdll pass tiirough the battery. As we 
have seen, battery mannfaeturers advise that certain minimum and 
maximum charging rales be nsed. Assuming that the maximum 
is 3 amperes, to pass a eurreut of this value through tlie battery, 
it 'will be necessary to sen*w in 6-16 caudle j)f»wer lamps which wdll 
average Ho watts each, \Nhich means that at a pressure of 110 volts 
they reipiire a current strength of half ainpen*. Tf fitted with 16 
candle power lamps the 12 socket lamp bank will pass 6 amperes, 
and double this anioiuif with lamps ol twice the candle powei*. 

The meter installation shown between the charging boards is to 
determine the amount of eurrent ]>assi ng through the storage bat- 
tery and as it is a low reading instnimenl, a low' resistance shunt 
is interposed so that any overload will pass over the shunt instead 
of through the iiistrimieiit which is calibrated to measure currents 
up to 30 ampere's. AVith the small single blade knife switches in 
< ircuit the current w’ill not pass through the instrument, as it is 
not advisable to include tliis in the circuit permanently, because 
the passage of current through the windings may result in in- 
jurious heating. To get a reading from either side the single blade 
switch is thrown off and the double throw male member of switch 
is placed in contact between the blades on the aide of which a 
reading is to be taken. It will be seen that the wires are crossed 
at the right of the tw^o-way switch to cause the current to flow 
through the instrument in the right direction and also to have 
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the negative terminal of each charging board at the left. This, 
eliminates any confusion and the terminals are plainly marked 
so it is not poasible to make a mistake when coupling batteries. 
'When more than om* battery or set of cells is being charged they 
are wired in scries, the negative terminal of one battery being 
coupled to the positive terminal of the neighboring one. In con- 
necting a battery to the charging board the negative wire should 



Fig. 231. — ^Wiring Diagram, Showing Installation for Charging Storage 
Battery from Direct Current, Using Lamp Bank Beslstance. 
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always be coupled to the negative terminal of the battery and the- 
positive wire to tlic corresponding battery terminal. 

Features the Edison Cell. — The instructions given apply 
only to batteries of the lead plate type and not to the Edison bat- 
tery, which is entirely different in constructiun. The Edison cell 
uses an electrolyte consisting of 21% solution of potash in distilled 
water so that the electrolyte is alkaline instead of acidulous. Tlie- 
positive plates consist of a scries of perforated steel tubes wliicli 
are heavily nickel-plated and which arc filled witli alternate layers 
of nickel hydroxide and pure metallic nickel in very thin plates. 
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Tlie tube is drawn from a perforated ribbon of steel, nickel-plated 
Wild has a spiral lappivi soairi. After l)eii)g filled with active ma- 
terial it is reenforced with eij^ht steel bands which prevent the 
tube expanding away from and breaking contact wdth its con- 
lonls. Th(» negative ])lale consists of a grid of cold rolled steel, 
also heavily niekel-x)lated, holding a number of reclaiigular [)ockets 
filled w'ith powdei*«*d iron oxide. These pockets are also made up 
of finely i)erforated steed, iiiekel-i>lated. After the pockets are 
filled they an^ iiisiTled in the gri<l and subjected to considerable 
pressure between <lies whicli corrugate surfaces of the pockets 
find forces tlicm into positive contaet with the grirls. Thes(‘ ele- 
ments are housed in a. jar or container nuule from (‘old rolled steed 
Mliicli is thoroughly welded at the seams and hi‘avily uiekel-plaled. 
The plates are assiMiihlcd in positive and negative groups by means 
of tliread(‘d steed rods ]uissing throngli hoU's in one corner of the 
plat(‘,s and iiisidaling vvaslnu’s. d’lie t(M‘minal ])ost is secured to 
the middle of the rod. The eomj)l(de (dmuent or plate assembly 
stands on hard rubber bridges on \\w, bottom of the ean and is 
ke[»i out of coulaet with the sides of Die eoiitainer by haiM rubber 
spacers attached to the end. The can cover is also of sheet sti*el 
and contains littings through which the electrodes pass, tliesi* being 
insulateil from the cover by liiishings of insulating material. A 
combined filling aperture and vent plug is secunMl to the center of 
the cover plate. For b volt ignition and lighting service it is 
iiee(*ssary to use 5 cells owing to the less(‘r voltage of th(j Edison 
batteries. The average* voltage during discharge is but 1.2 volts 
per cell and' is not as constant as is the case with a lead battery, 
the voltage of wliicli may be as high as 2.5 volLs per cell. 

An Edison (i.r) volt battery used for lighting or ignition may 
Ije charged completely in ten hours. A feature of^tlie Edison 
battery is that overcharging at the normal rate lias no harmful 
effects and it is advised by the maker to give the battery a 12 
tioiir charge oric(* every GO days or when the electrolyte is re- 
plenished. The el(‘etrolyte must be kept sufTiciently Jiigli so as to 
<rovcr the plates and any lass }»y evaporation must be compensated 
/for by tlie addition of distilled water. .Another feature in whicli 
' the Edison battery is superior to the lead plate type is that the 
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plalos Avill not be injured if the cells are allowed 1o stand in a dis- 
eliar^ed eon<lition. The external portions of the cells must be 
kept clean and dry becaiis(^ the container or can is made of a eon- 
duetinj? material. The vent caps must be kept elost.'d except when 
rei)laeiiij( electrolyte or brinp:inji- the b'vel np to the proper height 
by adding distilled water. Care siionld be taken to avoid short 
circuiting of the balt(‘ry by tools or metal objects and S])Ocial em- 
phasis is laid on the ])r('cau(ion that no acid or el(‘elrolyte con- 
taining acid be j)oiirrd into tlie ec'lls. It is said that the Edison 
battery lias a longer life than tlie lead ])lati^ type of ecpial eaiiacity. 

Winter Care of Storage Batteries.— It would not do simply 
to leave llu* battery in the ear Tor a period of, say, 4 or 5 months 
viiliont giving it any care or attention, for in that (!ase at the 
(‘]id of tliiit linn' it would be found to liave ihs ]da1es so tliie.kly 
v'ovmvd with lead sulphate as to make il iiraidieally nsel(‘ss. For 
storage lialtco’ii's 'Mo n-st is to rust” and b(*eome j-uiued, unless 
sf^eeial i>reeautions are tak(‘U. y\utoniol)ile storagi' ))atteries are 
all or nearly all of the s(‘aled-in type from which llu^ elements 
cannot he removed without a gr(‘ai deal of Iroubh*. Therefore, 
the only method of keeping tlie jdales intact cojjsists in charging 
till' batt(Ty at iritei-vals of about two w<‘eks. Tin* following ad- 
vie>' concerning the care, of batteries during a protraet<*d jieriod 
of idleness of tlie (*ar is due to Ibc Willard Storage Balteiy (3o., 
and refers esiiecially to the liatteries of starting and lighting 
systems. 

At intervals of 2 we(‘ks (In; engine should be run until the 
eleetrolyb; shows a. S[)ivitie gravity of 1.2S0. It this is done regu- 
larly the engine need lie run only about an hour each time. But 
if flu; owmer should not be in jiossi'ssioM of an liydrometer, it is 
Iiotter to run the engine for 2 or 3 hours each time, for the sake 
of saf(‘1y. To charge the liattery proiuu’ly the engine should be 
mu at a speed corresponding to a car sliced of about 20 m[)h on 
the diri'et drive. There may be cases, how'cver, where the ow’ner 
is oomp(*lled to store his car in a spaee where it is practically im- 
possible to run tin; engine. Wliere this is the case, it is recom- 
mended, if electric current is available, that the owner purchase 
a rectifier or small charging inaeliine. A charge over night, or 
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for about 12 houriSj every 2 weeks with tliis apparatus will be 
sufficient to keep the battery in a healthy condition. Before be- 
ginning the charging the battery should be inspected to sec if it is 
filled with solution. If the solution needs r(‘plenishing, distilled 
water should be added until the solution fully covers the plates, 
which may be determined by removing the vent plugs and looking 
down into the cells. In case it is impossible to run the engine for 
charging and the owner does not care to incur the expense of 
purchasing a rectifier, he should remove the battery from the car 
and arrange for its storage at a garage which has charging facili- 
ties, stipulating that it must be charged every 2 weeks. The cost 
of having it so eared for will be nominal and will prove excellent 
insurance against deterioration. 

To care for storage batteries of a type that is easily taken apart 
the following method is recommended: First charge the battery 
until every cell is in a state of complete charge. If there should 
be any short circuited cells they should be put into condition be- 
fore the charge is commenced, so that they will receive the full 
benefit of the charge. Then remove the elements from the jars, 
separating the positive from the negative groups, and place in 
water for about 1 hour to dissolve out any electrolyte adhering to 
the plates. Then withdraw the groups and allow tliem to drain 
and dry. The positives when dry are ready to be put away. If 
the negatives in drying become hot enough to steam, they should 
be rinsed or sprinkled again with clean water and then allowed 
to dry thoroughly. When dry, the ncjgatives should be replaced 
in the electrolyte (of from 1.275 to 1.300 specific gravity), care 
being taken to immerse them completely and allow them to soak for 
3 or 4 hours. Two groups may be placed in a jar and the jar 
filled with electrolyte. After rinsing and drying the plates are 
ready to be put away. 

The rubber separators should be rinsed in water. Wood sepa- 
rators after having been in service, will not stand much handling 
and had better be thrown away. If it is thought worth while to 
keep them they must be immersed in water or weak electrolyte, 
l^and in reassembling the electrolyte must be put into the cells im- 
^luiediately, as W’et wood separators must not stand exposed to the 
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air for any unnecessary moment, especially when in contact with 

plates. Storage batteries always should be stored in a dry place, 
preferablj'' in one where the temperature will never fall below 
Fahr. Storage battery solution or electrolyte varies greatly in 
density between tlio points of complete charge and complete dis- 
charge. When compl(‘tely discharged the electrolyte of tlie aver- 
age battery has a specific gravity of 1.14, and a sulphuric acid 
solution of 1.14 specific gravity has a freezing point of about 10° 
Fahr. Therefore, if a completely discharged battery is allowed to 
stand where it is (exposed to extremely low ttMn])eratm*e it is quite 
I>ossihle for the electrolyte to freeze and the cells to he injured in 
corisecpieuce. However, as already pointed ont, a battery for otlier 
reasons must not l)e allowed to stainl in the disc-harged condition 
for any length of time. With increasing charge the density of the 
electrolyte increases until, when the charge is comi)lete, it attains 
1.28 specific gravity. The freezing tenqx^ratiire of the solution 
drops very quickly as the specific gravity increases, somewhat as 
follow^s : 


Spec. (« rav. F roe/. Point Degrees 

].14 -htO 

Lie -h 5 

1.175 — 4 

1.20 — 1 « 

1.225 —30 

1.25 —60 

1.25 -85 


Consequently there is no possibility of a storag(^ battery being 
injured by freezing in this latitude if it is kept in a fair state of 
charge. 

Timer Defects and Restoration. — In any high tension ignition 
system the primary circuit eitlier of the battery or the magneto 
must be iiilerrupted at stated times in order to produce the spark 
necessary to ignite the -gaseous charge at the instant of maximiiin 
compression or when the piston reaches the end of its ni) stroke, 
A timer is really a mechanically operated switch capable of es- 
tablishing a large number of contacts per minute without undue 
depreciation. The timer shown at Fig. 232, is used on tJie Ford 
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motor and is the surviving type of numerous designs that liave 
been made for this purpose. This device is sometimes called a 
^‘commutator” and consists of an aluminum ('ase circular in form 
and having a projecting bushing or passage tlirough wliich the 
camshaft of the motor extends. The contact is established by a 
revolving arm which carries a roller tliat makes contact with seg- 
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Fig. 232. — ^Tinier Used on Ford Automobiles. 

ments or blocks imbedded in a fibre ring which serves to insulate 
them from the metal parts of the timer. 

The number of contact segments and their placing depends 
upon the number of cylinders it is necessary to igiiihj. On a four 
cylinder motor four contact blocks are used, spaced 90 degrees 
apart. For a two cylinder motor of the form ordinarily applied 
to automobiles but two of the blocks would be used, spaced on 
halves of the circle or 180 degrees apai’t. For a three cylinder 
motor threci contact segments would be needed, each separated 
from tlie other by a space of 120 degrees. On a six cylinder en- 
gine tliere would be one contact for each cylind(*r which would 
mean that tbe contact blocks would be separated by spaces of 60 
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degrees. The rotary portion o£ the timer nsnally revolves at cam- 
shaft speed and sliniild I)e tini(*d in sneh a "way that when the pis- 
ton in cylinder Xo. 1 is at the top of its compression stroke the 
roller will l)e in contact with the segment tliat is coniieclc‘d to No. 1 
spark coil by a win*. Tlu; arraii^cinciit oC the remainin*? terminals 
<lepejuls upon the firing' order of the motor. For instance, if it is 
1, 2, 4, 3, the jiext leniiitial in the direction ot* r<dler arm rotation 
would he coupled to cnil unit Xo. 2, that fnllowinj]^ to coil unit 
No. 4, and the remaining terminal to coil unit No. 3, 

AVhen a tinuT of fliis form is us(‘d, i<»uiti<>n is apt to be irregu- 
lar should the .sj)i-ing aliaclu'tl to the fn‘r .end of the. roller arm 
break. If tin; inlci-ior of Hk* d(‘vi('e is tilled with dirty oil, the 
ciirj'eut is apt to he slioi't eircuiled. If the devin* lias l)(‘eu oiled 
\vith a Jnl)ri<'ant having loo nnudi body, tiie roller is not apt to 
make good contacl with tin* metal .segments and ignition will bo 
erratic, Dc'preeiatioji in the bearing jiin on which the roller ro- 
tates or of the fulcrum jiin ou wlii(;h tin* j‘ol](‘r arm swings will also 
result in irregular ignition. If the motor I’lins steadily at low 
s|M‘eds but missi'S fire at high speetls, and tin* tronlile lias been 
traced to llic timer, it is neces,sary to feel around tlie inside of 
the fiber ring with the finger to see that this is smooth and per- 
fectly round, and tluU’ the contae! block fac-es are flush with the 
surface of the ring. If tlie blocks are worn below Ilic surface of 
tlic ring, tlie roller is apt to jump tin* space at high speeds, due 
to the low bloek, and not esialilisli an eh‘elrie;d contaet. At low 
speeds tlie tension of the si>ring is sufficient to keej) the rolbn- 
bearing against the contact blocks, as it will follow tin* irregular 
contour of the timer interior Mitlioul difficulty. If the segments 
are badly worn and the fi^>er ring roughened, the timer casing 
should bi* chucked in a lathe or grinding machine, and the interior 
ground smooth and perfectly round with a small emtwy wli(‘el. 
The writer has seem some mechanics attem[>t to take a light cliip 
out of the timer interior, as they were ignorant of the faet that 
the contact blocks were of tool steel and hardened. A fast-running, 
free-cutting emery wheel is the* best tool to use for smoothing 
down hardened steel .segments. The stem or bolt attached to the 
contaet block must ])ass tbroiigli a fiber washer or bushing in 
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order that it bo insulated from the timer body^ If these busliiugs 
crack, there may be an opportunity for leakage of current, espe- 
cially on the Ford ear, Avliere the ignition current is derived from 
tlie magneto and is stronger than that usually produced by a 
chemical battery. 

Another form of timer is shown at Fig. 233. In this the 
contact is established between balls and a contact roller. In order 
to eliminate the wear that is unavoidable with plain bearing timers 


GROUND CONNECTION OILEl^ 



Fig. 233. — Showing Oonstructlon of BaU Contact Timer. 

the casing carries ball bearings which are used to support the 
central hollow revolving member. Some timers of the form shown 
at Fig. 232 arc fitted with a plain bearing which wears after 
the timer has been used and which produces irregular ignition 
due to a i)oor ground contact. Battery timers of the forms out- 
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lined are seldom used at. the present time, as they have been suc- 
t'oedod by the more efficient short confact types. A notable excep- 
tion to this almost "oneval rule is the Ford ear, Avhich is manu- 
factured in imnumse (piantities and -wliich utilizes the roller con- 
tact timer pi’evioiisly described. 



Fig. 234 .— Atwater Kent Uni-Sparkcr System. 


One of the best knowii of the short contact forms of tinier is 
the Atwatcr-Kent, nliicli is usually combined with a secondary 
distribntoj- as shown at Fijr. 2:15. The met, od of placing tliis 
liming and distributing member in circuit is clearly shown in 
wiring diagram Fig. 234. The advantage of a timer of the form 
sliow^n, as contrast(*d to the simple type previously ('onsidered, is 
that a one unit induction coil will serve any number of eylinder.s 
from 2 to 8, whereas with the roller type showm at Fig. 232 a 
separate induction coil is needed for each cylinder to be fired. 
It will be observed that the coil used with the Atwater-Kent 
system has five terminals, four of these being primary terminals, 
one at the center of the coil box a secondary or high tension ter- 
minal. A set of six dry cells connected in series is wdred to one 
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Fig. 235. — Showing Construction of Atwater Kent Uiii-Sparker. 

the Atwater- Kent uiii-.sparkcr is shown at 23."), A. In this 
a centrifugal incicliaiiisin is contained in the lower part of the 
casing by whicli the spark is automatically advanced as the s]>eed 
of the engine increases. 

The only points that will wear on a device of this character are 
the contact points which are clearly shown in the view of the 
contact breaker inechanisju at B. The revolving shaft in the 
center has a number of notches, two, three, four, six, or eight, 
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iiccording to the luiniber of cylinders to bo fired, cut into it. A 
li^lit, liardened steel trigger is held against the shaft a I this point 
by a small spring. On turning llic shaft tliis trigger is carried 
forward by the notches in the shaft, and is suddenly released as the 
[look end leaves the nolcli. In so doing the back of the trigger 
strikes a small pivot(‘(l lianinier situated betwemi the trigger and 
the spring carrying the contact i)ointa. This causes the contact 
points to open and elose with reiuarkablo rapidity, but one contact 
being made for each s[)ark. AVheii it is desired to adjust the plat- 
inum eoiitaet: ])oiiits, as when they show signs r)f wear, it is only 
ii{‘eessary to remove one or more of a juimber of (‘xtrenu'ly thin 
washers undtT the head of tiie adjustnuint sen^w and to rc'plaee 
the screw. Tlie eontaet points slioultl he ahsulutely clean aJid 
l)right and have simM)th eontneting surfaces. 1'he dislribulor por- 
lioii of the device consists (»f a iiard rubber block fitltsl to the 
li^p of the primary shaft, this carrying a brass quadrant that 
passes Ibe high lensioji current to the spark idugs by means of the 
tei'iiiinal points inil)(‘(kl(*d in the h(U)nspherieal cover. There is no 
r.clual (ioiilaci l)etweeji tlic rotating ((uadrant and the distributor 
points, as the high tension current is capable of jumping the very 
sligiil. gaj) that exists between Ihem. Owing to there being no act- 
ual contact, there will bo no depreciation in the distributor or 
upper poj'tion. The center tei*miiial, wJiicli is in eoniieetioii witli 
the induction coil, is a combination of ear])()r) and brass, and a 
light, fiat spring on the quadrant l>ears against it to maintain 
positive electrical eoiineetion. The distributor erver is easily re* 
Jiioved without llu' use of tools, as it is lieUl uy spring elij)s. 
Location or dowel pins in its lowcu* edge insure that it will be 
replaced in the correct ])osition. 

One of the most ])opular of the combined starting, lighting and 
ignition systems is the Deleo, which is shown at Fig. 236. For 
the present we will concern ourselves merely with discussing the 
ignition functions of the syst(»m, leaving the self-starting and 
electric lighting features for nmre comprehensive consideration in 
the following chapter. Current is produced by a one unit type 
motor-generator, although the windings of the device when oper- 
ated as a motor or a generator are entirely separate. The ignition 




Fig. 236.— The Delco Ignition, Motor Starting and Car Lighting System. 
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urrcnt is ubtaiucd either i'rem a storage battery whieh is kept in 
I state of charge by tJic generator, or from a set of dry cells 
rvhich are carried for reserve ignition. The ignition systejn con- 
sists of a one unit non-vibrator coil, sometimes attached to the 
'op of the motor gemerator, as sliown at Fig. 236, though it may 
)e placed at any convenient part of the car and a dual automatic 
listributor caiid timer usually included as a part of the device 
IS shown. Wlieii ignition current is supplied from the lighting 
ircuit the current passes from the storage battery through a switch 
uid out to tile low tension Avindiiig of tlie coil, from whence it 
:>asscs to the timer and from there to the frame, wliere it is 
j:rounde<l. 'flie high tension current generated in tflc coil runs 

0 the distrihulor, where it is switched to the ,s|>:nk plug in the 
lifiVrent cyliiuhTs in turn. 

'When dry cells ai'c* used for ignition the operation is the same 
except that a device called “the ignition relay/’ and shown at 
tile right of Fig. 23M, is .added lo 1h(‘ eiri-uit. The funetion of 
this deviee is to ])r(\Mlv the cireuit immediately after it has been 
i'iinipl(‘ted hy the conhnd- ]M)ints of the timer, wliieh is shown at 

1 lie l(‘ft. The use of the ignition relay results in a material saving 
of till battery current as the cireuit is closed a much shorter time 
tlian is the case when the circuit is broken by the tiimir contacts 
themselves. The operation of the relay is not diflicult to under- 
stand. The magnet A attracts the armature B when the circuit 
is completed through the timer. This action opens contact C and 
breaks the timer circuit. A condenser 1) is moui ted besides the 
magnet coil A, in order to absorb the current produced by self- 
induction in the magnet winding, wdiich would be apt to produce 
a hot spark between tlie contact points 'when they were separated 
if no means were taken for its disposal. The adjustment of the 
relay is at the pole piece E. This regulates the distance between 
the armature B and the magnet pole, and the gap betw^een the 
contacts C. The adjustment is made by turning the notched head 
at E clockwise to increase, anti-clockwise to decrease, the gap be- 
tween the contacts. The correct distance betw^een contacts C when 
the armature B is pressed down is equal to approximately the 
thickness of one sheet of newspaper. A very simple way in which 
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the adjustment ean be made when the engine is running on the 
battery is to trim the notehed head of the pole piece in the counter- 
clockwise direction until the motor ceases to fire. Then turn it 
four or five notches in. the opposite direction. Under no condi- 
tions should the adjustment screw l)e turned very far in either 
direclion. Tf llie anriatiiro vibrates feebly when the starting but- 



Fig. 237. — Some of the Regulating Devices Used with the Delco System. 


ton is i)resse(i it indic'ates either weak dry cells or dirt between 
the r(‘lay or timer contacts. 

The inloriox* arrangement of a timer for both dry cells and 
iitorage batt('ry current is shown at Fig. 238. The cam C is 
driven by a rotating^ shaft and establishes contact between the 
points when the cam rider rises on the point of the cam. Wlien 
the cam rider drops into the notch between tlie high points the 
contact^ points separate. The same instructions that have been 
given for the contact points of the Atwater-Kent timer apply just 
as well in this case. While the contact points are but one-eighth 
inch in diameter, it is said that many thousands of miles of service 
may he obtained without readjusting. It is important that the 
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(jontaot sprinj?, which is the straight one carrying the platinum 
point, should have a good tension outward against the cam rider 
uKunber below it. Tt is said that this spring sliould be capable 
of supporting the weight of half a pound. Tf the tension is not 
siilTieiently great the. cont.act points barely break contact which 
])ermits the spark 1o arc between them, tending to burn them. 


C 



Pig. 238. — Short Contact Timer and Ignition Belay Used with the Delco 

System. 

The contact should be so ndjusled that the contact spring is 
forced away from the breaker member at least half t)u* distance 
of the T-slot on the vortical part of the earn rider, when the latter 
is on the contact lobe of the cam. Tlie contact points should open 
about ten onc-tbousandths (.010 inch) inch when the contact arm 
rests upon the back stop. The contact arm sbonld , clear the cam 
except at tlie contact Jobe. A short w'ire conn(?cts the two posts 
of the breaker arms and this connection should alw^nys be inspected 
when making adjustments to insure that it has not been disturbed. 
It is said that if tliis wire is disconnected the current will pass 
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through the contact spring, impairing its tension. Whenever the 
contact points are cleaned care should be taken to have the sur- 
faces parallel. 

In some oC, the Dclco ignition systems an automatic spark ad- 
vance mechanism is used. The usual method of wiring when the 
distributor is a sepaj’ato memb(T from the gejierator is shown at 
A, the left of Fig. 2117. Tl)c construction of the automatic spark 
advance mechanism is shown at It. Tn this the sliaft M'hich trans- 
mits motion to tin* timer is in tin; form of a tube T, revolved by 
spiral gears. An ineliiied slot is cut (lirough llie walls of this hol- 
low driving membei’. A smaller shaft is carried inside of tlie 
hollow mem])rr. and a. vertical sl(»t is cut through this shaft in 
order to jx'rmit a pin to pass through it, saitl j)iii being actuated 
by a collar adapted lo slide uj> and down on tln‘ outside of the 
J)ollo\v driving shaft. Tin* pin passes through holh The straight 
slot in the small shaft and the i)i(din(‘ slot in the holhnv driving 
member. If the collar the pin is mo\(‘d It will change its 

iiJigular rtdalioii with tin* small shaft wliicli will adxancc llu» tim- 
ing cam of tlu' coiilitct breaker. The colhir is shifted by a si>riiig 
loaded revolving ring K, wliieh moves froju the i)ositioii sliown in 
the drawing to a horiz<»ntal position as tlie speed increases. This 
ring is connected to tlie sliding collar and causes it to rise, ad- 
vancing the spark as the engine speeds up oi* to fall, retarding 
the spark as the engine speed decreases. If desired, the sjjark 
timing may be controlled independently of the automatic advance 
mechanism by a spark lever connected to the corresponding mem- 
ber on the steering wheel. 

In some of the Delco systems a voltage regulator such as shown 
at C, Fig. 237, is used. The function of this device is to prevent 
too much current flowing to the storage battery when the engine 
is running at high speed. As the voltage of. the storage battery 
will vary with its condition of charge the intensity of the magnetic 
pull e.verted by the solenoid A upon the plunger C varies and 
causes a contact attached to the plunger lo move in and out of the 
mercury which is contained in the bottom of the mercury tube B, 
When the battery is in a discharged condition the plunger C as- 
sumes a low position in the mercury tube, and wlien In this posi- 
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lion the coil of resistance wire carried upon the lower portion is 
immersed in the mercury, and as the plunger rises the coil is 
witlidrawn. As tlie plunger is withdrawn from the mercury more 
resistance*, is thrown into the circuit and tlie greater resistance 
causes the amount of current flowing to the battery to be grad- 
ually reduced as the battery nears the state of complete charge 
until fijjally the plunger is almost completely withdrawn from 
the mercury, throwing the entire lengtli of the resistance coil into 
the sliniit fi(dd einuiit, thus causing an electrical balance between 
the battery and the generator and eliminating any i)()ssibility of 
overcharging the battery, A description of the voltage regulator 
follows: A solenoid coil A surrounds the uf)pcr half of a mercury- 
containing tube B. A plunger (\ eompriaing an iron lube with 
a coil of resistance wire R wrapped around the low('r portion on 
top of mica iusulation, is adapted to l)e drawn up into the sole- 
noid as the l){dt(’ry current increases in strength. Oiui end of thvi 
resistance coil is altach(*d to tlie lower end of the tube, the other 
end being conneeted to a rod B in the center of tin* plunger. The 
low’er portion of tlie mercury tube is divided into tw’o concentric 
wells by an insulating member, the ]>! linger tube being partly 
immersed in the outer wtU and the rod in the inner avoU. The 
space in the mercury tube aliove the mercury is fdled with a 
special oil, which serves to lubricate the jiluiiger as well as pro- 
tect tlie mercury from oxidation. The device is connected to the 
shunt field of the generator so that the onrrcuit must follow a 
path leading into the outer well of mercury through the resistance 
coil II to the rods carried at the center of tin plunger, from 
thence into the center W(*ll of mercury and out of the regulator. 
The more tlu* resistance coil R is pulled out of the mercury the 
more resistance is interposed in the field circuit and a smaller 
amount of the generator current is going to charge the storage 
battery. 

It will be noticed that in the wiring diagram sbowm at Fig. 
236 a protective circuit breaker is attached to the switchboard. 
The function of this devieer is to open the circuit between the 
source of current supply (generator and storage batteiy) and the 
current consuming units (lamps, horn and ignition apparatus) 
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if one of the wires leadinf? to a current consuming unit happens^ 
to beconio groundod. Under such a condition an excessive flow 

uf current is pussible uii account of the lessened resistance of the 

circuit. Such a flow goes through tlic winding of the circuit 
l)rcakiiig relay or pri)tected circuit breaker, which produces a 
magnetic pull that opens the contact and cuts off the current 
supply. As soon as the contact is opened the inagueiic pull 
ceases and the ccnitact is closed again, rc-establisliing the magnetic 
])ull aJid again opening the contact. The circuit breaker will 
continue to vibrate until the ground or short circuit is located 
and corrected whenever any one ot‘ the switelu's eontrolling IIhj 
current cousiiniiiig units is pushed in to esta])lisli a eircuit. The 
fiincliori of this i)rotc(‘ti\e circuit brcakio' is the sanuj as a fuse 
Mock and fuse cxe(‘])t tliat it is not necessary h) keep n‘placi!ig 
fuses. ^ 

Battery Ignition Systems.- -T>eeau,s(‘ of i1m‘ almost uiiiversd 
employment ot* electricity for lighting and starting systems, thf: 
battery ignition system lias been improved materially iiiasmucli 
as the storage battery siifiplyiiig tlie current is constantly charg(‘d 
by a generator. A number of systems has been devised, tliesii 
operating on two different prineiph»s, the open cii*cuit, such as the 
Atwater-Kent, previously described, and the closed circuit. An 
example of the closed circuit system is sliown at C, Fig. 2119, and 
is of Connecticut design, the complete ignition system consisting 
of a combined timer and h.igh tension distributor, a separate in- 
duction coil and a switch. The system is distinctive in that the 
timer is so constructed that the primary circtiil of the coil is 
permitted to become thoroughly saturated with electricity before 
the points separate, witli a result tliat a spark of maximum in- 
tensity is pi’odiK‘(?d. The action is very much the. same as that 
of a magneto on account of the saturation of the winding. An- 
other feature is the incorporation with the switch of a thermo- 
statically operated electro-magnetic device which automatically 
breaks the connection between the battery and the coil should the 
switch ])C left on with the motor idle. 

The contact breaker mechanism consists of an arm A carrying 
one contact, a stationary Mock B carrying the otluT contact, a 




rig. 239.— Typical Short Conttct and Closed Circuit Battery Ignition Systems, 
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fiber roller R which is carried by the arm A and c 
oil the cam C, which is mounted on the driving 
the contacts are held together under the action o 
As the four cams, which in touching the rolle' II i . 
separate the contacts, are 90 degrees for a four'^ 
the period of saturation of the coil or the length 
rent flows through it to the battery is sufficient ! 
when the iKiints have separated the current wh^ 
up induces an intensely hot spark at the plugs, 
vantage inasmuch as it insures promxit starting and 
at low’ engine speed as well as providing positive 
engine speed. 

The thermostatic circuit breaking mechanism 
This consists of the thermostat T, wliicb heats Vj 
passes througli it for from thirty se^* ts to four' 
interruption, and thus is bent ’ 1, making' 

contact L. This compl' .^cal circv’t 

the magnets ^I, causir i\ to operate 

an electric bell. Tbi iikes against the pla 

whichever of the t* .ons in the switch may b 

As wn’ll be ^ J, the transformer coil 
terminals. Or iJiese is connected directly 
the other leads to the central secondary distributi 
timer-distributor. Of tlie three primary leads, c 
sw’itcli, one to the wire leading from the storage 
timer, and one directly to a terminal on the timei 
is provitled with tliree buttons, the one marked B being depresse 
to start the engine, as the ignition current is tlum drawrn from th 
storage battery. After the engine has been started the buttoi. 
marked M is pressed in, this taking the current directly from the 
generator. To interrupt ignition the button is pressed in^f 

this releasing w hichever of the buttons, B or M, is depressed. Four . 
wires run from the distributor section of the igniter to the spark 
plug. 

The Remy system also operates on the closed circuit princip. 
and is sliown at A, Fig. 239, in a form adapted for six-cylindei 
engine ignition. The trarisfornu?!* coil is of the three terminal type, 
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in order to form a seating for tlntral secondary distributing brush 
at A is the type of plug njost jg joined to the primary contact 
effective design. It is easier ^ of the igniter. The remaining coil 
of the b<Hly than in Ihe ^he poles of the storage 

end and which must l>e disyi.j^ig of dry connected cell batteries are 
<loi)osit from tlic insuhi [||0 other two the wires run to the switch 
a \ery fine wr, (.llYrent may thus be derived either from the dry 
A\hich is in emergency or from tlie storage battery for regular 

to transmit ? loses. The construction of the timer wliich ineor- 
The theory o meclianism is clearl^^ sliowii. The movable 

is not kSo point is carried by tlie arm A, wliioh fulcrums 

trode forms which has a piece of hard steel P riveted 

that iniglit sK ri<ler. The cam 0 is of hexagonal form, 

Ihe idngs s. wliieh separate the contacts wlien they ride 
porcelain. A\h(p atlaelied to the arm A. The fixed platinum con- 
around the arranged that it may lie adjusted by moving 

() 1 ‘ mica washers editions demand. It is to this member that the 
tonu a smooth j.jj jg connected. * 

keted using t^k^‘^»oinbincd timer distrif)utor known as the Ilalladay 
geiieial priiicij)! 239. The make and bn‘r| mechanism is very 
lato)* instead ‘d‘ |g distributing uk\^’« mi. The contact 
porcelain points is established by a four point cam. 

insulators are y current is distributed from the central terminal to 
to short ci^c 1 ^,^.j^J^£JJ^g terminals by a carbon brush very much simi- 
0^ *xi to that employed in a liigh tension magneto. This 

operates on the open circuit principle. 

Spark Plug Faults. — The part of the ignition system that is apt 
to give the most trouble, and for the most part through no faulty 
of its own, is the spark plug which is placed in the combustion 
chamber in order to permit a spark to take place between the 
electrodes whenever it is necessary to explode a charge of gas. 
Spark plugs are made in infinite variety, some representative sim- 
ple forms being shown at Fig. 240. Those in section at A, B and 
C utilize a porcelain insulator through which a central rod or 
electrode passes. This terminates at the top in a tliroaded mem- 
ber, to wliicli the tliunib nut is screwed. In most plugs losing 
porcelain insulators a cap is cemented to the top of the porcelain 




Fig. 240. — Showing Construction of Typical Spark Plugs. 
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in order to form a seating for the thumb nuts. The form outlined 
at A is the type of plug most generally used, as it is a simple and 
effective design. It is easier to clean tiio points or the interior 
of the body than in the form shown at B, which has a closed 
end and which must be dismembered in order to remove the sooty 
deposit from the insulator surface. The type of plug at C has 
a very fine wire imliedded in the lower j)()rtiou of the porcelain, 
which i.s in connection with a conductor of heavier matei'inl used 
to transmit the current from the terminal nuts to the fine wire. 
The theory of action of a ping of tliis iialurc is that the fine wire 
is not so apt to he short einuiited hy soot as tlie projecting elec- 
trode forms ar(», and that the spark ttouls to clear away material 
that miglit short circuit tlie current by burning it. 

The plugs shown at 1) and K have mica insulators instead of 
porcelain. When nii(*a is iiserl a sheet of that jnat(*rial is wrapped 
around the eeutral electrode several tiiues^ ^ter which a series 
of mica washers is clamped tightly together and turned down to 
form a smooth insulator. The idug at is the only one mar- 
keted using glass insulation. Other plug forms made on the same 
^gciKU'al priueii)les as that at A use lava or stc*a1ite as an insu- 
lator instead of the porctfiain or mica. For all-around service the 
porcelain insulator* gives the best results, as the mica and lava 
insulators are apt to become oil soaked and permit tlie current 
to short circuit through the insulator and the. i)lug body instead 
of jumping the air gap. Another- representative form of spark 
plug showing tlie proper space between the s^ravk j. nuts is shown 
at Fig. 241, A. 

The T)lug at B is one that combines a priming feature and is 
intended for use in engines of the Ford type in which Jio pro- 
^vision is made for using priming cups or compression relief cocks. 
The plug body is formed in sneJi a way that a needle valve fitting 
may be screwed into it, this being intended lo close a passageway 
commnnicatiug from a channel around the top of the ping body 
to the interior of the plug body. It is said that if this needle 
valve is opened for a jiiiimte or so wliile the engine is running 
that there will be a tendency to clear the i)lug points of any loose 
oil or carbon. The comi)ressiou may be relieved by openinsr the 
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needle valve, and if it is desired to inject gasoline into the cylinder^ 
to promote easy starting this may be easily clone by filling the 
channel or groove on top of the plug body with the fuel, then 
opening Hkj needle valve to allow it to pass to the plug interior. 
The gasoline will run down the walls and collect around the 
spark points, wliere it will be readily ignited by the spark. 



Fig. 241. — Spark Plug with Priming Arrangement and Two Pole Spark 

Plugs. 

It is sometimes dcsii-able to have two sparks occur in the cyh 
ifinder at the same time, especially on engines of the T-hcad form 
used for racing. One spark plug of the special form shown at C 
is used in connection with a regular spark plug of tlie form shown 
at A, the special ping being placed first in the circuit and joined 
to the regular plug by a length of wire bridging the free terminal 
of the plug at C wnth that on top of the insulator of the regular 
j)attern. As tlie plugs are in series, the current must jump tlu^ 
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Locating Defective Spark ring 

■J^gap of both plugs and tlnis two sparks occur, Avhich is said to 

iocrcase power by accelerating the rate of flame propagation, which 

of course results in more energetic ignition. The insulator is 
shaped to form a double V, the sides being slightly concave and 
larger than the center V, whieli ends in a sharp point. This con- 
■ sti’uction is said to cause the point to b(' sc-lf-eleaning by the ex- 
plosion. Two electrodes pass through the insulating member in- 
stead of one, these b(‘ing insulated from eiK'li o1h(U' and the plug 
body as Avell. The high tension curr(*nl entei's one terminal and 
'^passes down one of the electrodes. .iumj)s the air gap, and can 
ojily reach tlie ground if the terminal conneeled to the second 
electrode is in electrical eoiineetion with the terminal of an ordi- 
nary form of si)<ark i)lug or if it is hridg(‘d down the plug body 
by the keeper B. AVlieii tliis kee])er is in ])lae(*, as indieatt*d. the 
^ ]>big will act the same as a single eb‘etro(l(^ sparke?*. When the 
l-hig is to be used for double ignition in connection with one of 
the regular foriui^, th(‘ keeper B should he reiuoved and a short 
wire used to join the terminal to which the keepm* was attached 
to tlie terminal of the regular i)atterii spark plug. 

^ Spark plug troubles are not bard U) locate, as tliey may be 
readily determined mi iuspeclion. Tf an eiigijie misses lire, i.e., 
runs irregularly, it is nec(*ssary to locate the sj)ark ])lug at fault 
in ordei* to reinosv it f<u* inspection oj- cleaiiiiig. 'Che common 
iue1ho<j[ of doing this is to short circuit the spark plug terminal 
with some metallic portion of the engine by using a wood handle 
’ screw driver, as shown at Fig. 242, A. Each plug 's ti*ied in turn, 
and when a good one is short eircuiled tlie engine will run even 
slower than b(;fore. Tf a i)lug is short circuited and the engine 
does not run any slower or work dilVoreutly, one may assume that 
^he i)lug is defective or that the cylinder is not firing for some 
other reason. A very simple spark i>lug tester which can be made 
by any repairman for use on oars employing magneto ignition of 
high tension battery-distributor ignition, is shown at Pig. 242, B. 
This consists of two strips of brass riveted together at one end and 
fitted into a fiber or hard rubber handle. The brass strips are 
spread apart so that contact may be made between the plug body 
and insulated central terminal of practically any size plug. When 
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Fig. 242 . — Showing, Methods of Testing Spark Plug and Adjusting Air 
Gap Between the Electrodes. 


a four-cylinder or six-cylinder engine uses individual spark coils 
for ignition^ it is possible- to detect the mi&sing cylinder by bolding 
down the coil vibrators with the fingers, leaving the engine to run 






Spark Plug Troubles 

on one of tlie coil units or one cylinder as the others are cut out. 
Each coil unit is tried in turn, and wlicn all others are rendered 
inoperative except tlio <lefective one or the coil leading to the 
defective wpark plug, the engine will stop. The Avire leading from 
llic spark coil is traced to the spark plug, and that Tnember re- 
inoved for exaininalioii. The common trouble is a deposit of burnt 
oil or carbon around the ijisnlator and belwot'ii the plug points. 
Tliis short eireuits the current as it provrd(*s an easier path for 
tlui passage ot‘ eleetricily than the air gap does. It* the points 
are too close together the plug will ])ec()me short circuited A^ery 
(iniekly and ignition is a]>t to be erratic l)eeausr tlie s]>ark does 
not have suHieietit ln*at to ignite the mixture. If the spark points 
are too far apart resistaiieo is apt to be too great for the 
(Mirrtuit to jump tiie air gap. The ])oreelaiii may craek or be- 
come broken, in which ease the current, is apt to short circuit i£ 
the break is down in the ping body. If a nfica or lava iiisulatoi 
becomes oil soalu'd. tliis also Avill produc(' short circuit. 

Most pings are (if the easily set)arable form, as shoAA’ii at Fig. 
240, Ay ill wliich case the insulator may b(‘ easily removed by 
unsereAvirig the pa(‘king nuts that keep it seated against the plug 
body. If the ping is clean Avlicn examined tlie thing to do is to 
see that the spark gap is c(»rrect. This should be about one- 
thirty -second inch. Whiuiever a spark plug is to be put into use, 
wliether it is a new one or old one which has been cleaned, the 
spark points should always be sot so there is a gap of about the 
tliickness of a smooth ten-cent piece between them. The method 
of obtaining a correct .spark gap depends entirely upon the type 
of the plug. In the plug shown at Pig, 242, which has a plate 
at the end, it is necessary to bend over the center stem by using 
a small screw drwer or similar tool as indicated. With a plug 
of the form shown at D the center stem is bent the proper dis- 
tance away from the small hook-shaped Avire or electrode which 
projects from tlie bottom of the spark plug body. Tii some plugs 
it is easier to bend the central stem than the side electrode, as the 
latter is of hard material, Avhereas in others it is not possible to 
bend the central electrode and the point attached to the plug body 
niust be bent instead. It is important when replacing the por- 
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eelaiii insulator al*tor eloauing to make sure tliat llie packing nut 
is drawn down quite tight in order lliat the joint will be tight 
enough to hold the explosion pressure. It is also necessary to 
screw down the small hexagon lock nut on top of tlll^ spark plug 
porcelain, as if this is loft loose the center stem of liie plug will 
be free to turn in the porcelain, especially if the tliujiib nut or 
terminal is being tightened. It will be ai)pareiit that it the center 
stem is bent over toward tlie side eleetrode in manner shown 
at D, that if it is turned a very small part of a circle the size oT 
the gap between the center stem and side eleetrode vwll be altered 
appreciably. If the porcelain is found covered with oil and car- 
bon when removed, it should be thoroughly cleajied, care bt'ing 
taken not to scratch the glazing on the porc(*lain surface, as it 
this glaze is destroyed it will be ])ossible for the porcelain to ab- 
sorb oik Th(‘ interior of the plug body and the electrodes sIkuiIiI 
also bo scraped clean of all carbonaceous matter. It! the poret hiiu 
is scratched or defaced in any manner it should bo replaced willi 
a new one. If the ping is ai)parcntly in good condition and yet 
the cylinder refuses to firt*, it may Ix' well to subslitiile lli(» plug 
with one known to hi' in good eonditiou, as there may be some 
minute short eiiruit in the porcelain that is not api)arent upon 
inspection. 

Plugs using mica insulation are very dceei)tive, as in many eases 
short eirenits exist Unit cannot be detected hy the t'vi' in daylight. 
A good way to test a .sus|)ected mica ping is to lay it on top of ti;e 
cylinder after daik, taking care not to havi'. the insulated terminal 
in contact with any metal parts except the Jiigh tension current 
lead. The engine is then run on the other cylinders and the 
inside of the spark plug watched to see if si)arks jump hetweim 
the insulator and the plug body, instead of between the points. 
If a short circuit exists it will be easily detected by the minute 
sparks plainly evident in the darkness. It is sometimes possible 
to test a plug out in daytime by shading it from the light in some 
manner, as with a black felt hat. After the spark points have 
been set correctly, it is well to double up a piece of emery clotli 
with the abrasive surface on the outside, as shown at Pig. 242, E, 
and move it back and forth between the plug points a number of 
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times to brighten them up and to insure tliat tliere will be no 
foreign matter present between them that is apt to short circuit 
the eurrent. An old tooth-brush and gasoline are the best tools 
for cleaning a spai-k plug without taking it entirely ajiart as stiff 
brush bristh^s will remove any oil or mat(*rial soluble in gasoline. 
Acelone is a solvent for earbon, and if that inat(‘rial is not baked 
on too hard it is possible to remove the deposit witliout scraping 
it olT. 

Many eases of ignition trouble have been traced to the use 
of improper spark plugs or to faulty location of these members. 
Manufaeturers of .spark jilugs have given tlie matter of location 
considerable thought during recent years, and the endeavor is to 
produce a j>lug speeially designed or adapted for the motor for 
wdiicli it is to be used. The spark plug shell or base is constructed 
so the .spark points will project into the combustion chamber. 
It is also important to make provision for proper cooling of the 
s])ark plug. This last named factor is an important one that is 
seldom given ccmsideratioii by owners or repainrum who change 
tlio spark plugs without making sure that they are adapted to the 
motor. To obtain the greatest effieieney from the explosion it is 
im[K)rlant that the spark points project into the combustion cham- 
ber in such a way tliat th(?y be surrounded with cool fresli gas. If 
llie gap of the plug is located in a recess or ]>ockel, as indicated 
at Fig. 24.3, A, dead ga^ is apt to accumulate^ about the points, 
and combustion will be much slower than it w(ui]d be with the 
spark plug located as at I*). It will be evid» nt that Avith this 
eonsti'iictinn of the valve cap the spark i)oiiits project into the 
indiietion cliaml)er, j)ermitting the spark to take place in fresh 
niixlure and projiiote rapid spread of the igjiition Hame. Another 
faulty juonuting Avlien a plug is located directly in the combustion 
chamber is shown at C. It will be apparent that with a projection 
from the plug body having a space around it in which the hot 
gases may collect, the plug will heat up much (piicker than the 
mounting shown at D in which the heat will be conducted away 
by the cooling water. A plug that becomes heated will tend to 
soot up and carbonize much (packer than one in which provisions 
have been made for proper cooling. 
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Fig. 243. — CluBtrating Fiopei and Improper Methods of Spark Plug 

Installation. 


Induction Coil Faults. — The high tension induction coil is one 
part of tlie ignition system tliat can seldom he repaired outside 
of the factory. In the first place it is not possible to reach the 
interior parts of an induction coil because the windings and con- 
denser are usually imbedded in a hard insulating compound that 
has been poured into the coil box in a molten condition, and 



Adjusting Coil Vibrators 4yv 

wliic'li boeoiiK's ns liard as stono it sr ts. Tho only part of. 

tui induction coil tlial is possible to correct is laiilty vibrator 
action, and fortiniatdy tlio vi})ratop is about tlic only part of a 
well-made coil that demands attention. If the vibrator does not 
buzz wlicn the circuit is closed af the timer and the wire leadinj? 
from the timer to the coil unit found in gj(K)d condition, the 
trouble is duo to a broken coiiiu'ction inside of the coil box or tlie 
contact points do not touch. If the vibrator operates as it should 
and there is an extremely bright spark between the i)oints and 
a weakened secondary spark, it is r(*asoiiahle to assume that tlie 
condenser inside of the coil box is rUfdured. 

If thci’e is a [)ropcT vihi-atiou or buzz at the vibrator and no 
secondary s[)ai'k from the liij^h tt'iisiou terminal, the trouble is either 
a broken Juj»li tension coniuM'tion or a sliorl cireuiled scc'oiulary 
wiiidinj?, Sonii times a wire inside of a coil is twisted oil where 
it fastens to the termiiud screw, due to that nu*mber lieing turned 
around sov(*ral revolutions with a pair of pliers. A case of tliis 
kind may be iixed liy reinovini^ tlu*. bottom or top of tln^ coil box, 
as the ease may be, and makinjr sure that the eonncction is re- 
soldered to the terminal post. A punctured wiiidiiifr or short cir- 
cuit«»d condenser can only be iv])aired by tlii^ coil manufacturer, 
and in most case's it is chcaj>er to iirocure a new coil unit, which 
is easily removed in modern coils, Hum to attempt to have the old 
one repaired. 

When a coil unit is suspected of being defe ctive it is easy to 
ascertain if Ibis is the case by changing it foi one of the coil 
units which is known to he in good eoiidition. If the cylinder 
wliich was formerly served ))y the good coil unit now begins to 
skip, one may assume that the coil unit is at fault. If the trouble 
lias not been due to otlier causes, the cylinder that was formerly 
at fault will begin to operate as it should as soon as the spark 
l>lug is connected to the good coil unit which has been substituted 
for the one tlionglit to be defeetive. 

Adjusting Coil Vibrators. — TJie repairman who understands 
the vibrating spark coil is the exception rather than the rule. 
Many are able to adjust a vibrator, but do not know how to locate 
troubles, or to remove the exposed component such as the bridge, 
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vibrating spring, etc., and reasserable the parts corrt'ctly. If the 
vibrator buzzes weakly wlien contact is made at the timer, the first 
thing to do is to test the battery to make sure that there is sufiS- 
cient current available to operate the vibrator, then the contact 
points should ho examined io see that they are clean and smooth. 
Various defective conditions ^ire shown at P''ig. 244, A ; any one 
of these will interfere with correct contact and with proper vi- 



Fig. 244. — Care and Adjustment of Vibrator Contact Points Outlined. 

brator action. At A-1 a i)it has been burnt in the lower point 
and a projection has been built up on the upper one. At A-2 
the points have been cleaned with a file which lias been inserted 
at an angle so the contact members do not liave a true flat surface. 
At A-3 a point has been built up on one side of the contact of both 
vibrator springs and contact screw^ pointt. As these contact points 
are of platinum it is important to remove as little of that valuable 
material (which is now worth more than gold) as possible. 
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Adjusting Coil Vibrators 

For this reason it W'iJl be desirable for a repairman working 
on cars using vibrator coils to provide himself with the simple 
fixture shown at Fig. 244, B, which insures that the points will 
be dressed true without removing much material. The fixture is 
a simple lJ-shap(‘(l piece of hardened st(*el having a series of lioles, 
Aj B, (J, drilled into it of such size as will permit the insertion 
of the most commonly usetl sizes of vibrator adjusting screws. 
Tlies(‘ are not thrcad(‘d, the screw F being a free fit in tlje hole 
, corresponding to the outsidi* diameter of the thread. A feed screw 
E may be inter])osed umhT tlie adjusting sevevv in order to feed it 
up against the smooth fih' used to eJean off tlu*. roughness. This 
screw may be shifted into any one of the taj)i)(‘d poles under the 
holes A, B and (’ for fet'ding ditferenl sIzcmI conta<a screws. 

The eoiLventioual vibrator is shown at Fig. 244, F, and another 
form at Fig. 245. It will be noticed that this consists of a vibrator 
spring or ai*matun* carrying one' contact point and a bridge mem- 
ber over it <'ijrrying aiiollu'r contact wliieli is set into a knurled 
head adjusting screw in that at Fig, 214, (’. The smaller bridge 
holds the vibrator s])rjng and is also provided with a knurled 
Screw so the vibrator spring tejisiou may be adjusted. Directly 
uuder the vibrator is the iron core wJiieh attracts it to break the 
contact between the i)oiiits. The farther away the* vibrator is from 
the core the more current will be jieeded to actuate the vibrator. 
The ,s])ring tension shonid be sutfieieiit, so tliat the trembler wdll 
vibrate fast (Uiongli to })rodnc(» a prononneed buzzing sound. If 
the vibrator si)riiig lacks elasticity, too mueh chit- nt will be con- 
Numed wdiicli is an important ilem if tluj current for ignition is 
derived from a tiry cell battery. In adjusting the coil vibrator it 
is not necessary to tui-n the motor over to establish contacd as the 
• tuning np'may be readily perfurmed ou most coils by connecting 
a wire to the steering post as show’U at C, and touching the knurled 
head of the adjusting screw or the bridge carrying it with the 
other end of the wire. It is necessary, of course, to Jiave the switch 
on the coil in the “on” position. Another method of accomplish- 
ing this is to short circuit the timer with a screw' driver as sho'^im 
at B, which is used to bridge the wire terminal and the. aluminum 
^imer case. In this w'ay each ot the vibrators may be made to buzz 
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ill turn. If the points are not loo badly burnt it is poisisible to 

Clean them with a piece of very fine emery cloth as shown at Pig. 

244, B, without renioviiifir either vibrator or contact scr(?w from the 
top of the coil. Whore battery current is used it is w'ell to test 
the current consumption of the coil from time to time as the vi- 
brators arc adjust(‘d. It is ijossible to have a coil draw twice as 
much as needed it* the vibrator spring tension is too great. The 
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Fig. 245. — Construction of Typical Coil Vibrator. 


current consunix)tion will vary from .5 to 2.2 amperes, a fair aver- 
age being about 1 ampere. The usual primary voltage needed is 
5 or G, and the trembler vibrations will vary from 100 to 400 per 
second. If the vibrator tends to stick, the core should be filed 
olf as well as the undersurface of the vibrator to remove any rust 
that may be present between the surfaces. A projecting core wire 
sometimes interferes wdtli proper vibrator action. Make sure the 
top of the core is smooth and bright. 
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Low Tension Ignition Systems. — The low tension ignition sys- 

tem in wliieli a. sp^irk is produced in llie cylinder between moving 

olectrodes is seldom used at tlu* present time in automobile en- 
gines exc(*pt those of old models. The comidete wiring diagram 
of the low tension syst(*m usc'd on the Loenmohile ears for a time 
is shown at Fig. 24(5, .A, while the actuating mechanism and the 



Fig. 246. — The Locomobile Low Tension Ignition System and Igniter 
Used for Producing Spark in the Cylinder. 


igniter plate, cojistrnetion is .shown ut 240, B. It will be observed 
that the low. tension is a very simple one electneally, but that con- 
siderable mechanisiu is nec(»ssary to operate the make and break 
devices in the cylinders, fn the wiring diagraip it will be ap- 
parent that two sources of ignitioji current are available, one a low 
tension magJieto for regulating ignition, tlio other a storage bat- 
tery in event of the low tension magneto failing to deliver current. 
One wire runs from the magneto to one side of the switch on the 
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dash-board. Another wire runs from the spark (foil, whieh is 
placed in series with a storage* battery, to the other side of the', 
switch. From the top of tlie switch a wire runs to the igniter 
swdtch rod or biisl)ai' whieli ih'Jivers the current to the four igniter 
plates, one in eacli combustion chamber. The ignitor platc' is an 
approximatcely triangular meml)er I attiudunl to tlu? c'ombuation 
(fhairibor wall l)y threi* bolts. It (‘arrios an insulabd (*onta(*t mem- 
ber A whi(.*h is fixed, and an oscillating (joiitact m(‘ml)<*r tf which 
is \vork(‘d by a lever outside of the cylinder wliich is actuated by 
a tappet rod T, lifted by tlu* cam C-. A spark takes places betwcum 
the contaet points when tin* hammer nemjb(T 11 ))n*aks (*ontael with 
the anvil memiHM* A. Tie* break iak(*s plaet* wli(*u tlie rolh r li 
drops off of the cam profih*. Tins can be timed to o^‘Cur wlitui 
dc'sirod by suitable i*cgiilati<ui moans on tlie iaiipot rod T. Tin* 
swit(di bandh* K which joins the busbar I> to the s wit eh mcmbiT 
projcfcHng from A, is iic'ci'ssary to interrupt 1lie ignitors i:: order 
to loc^ato a cylind(*r that is misfii-ing. 

About the only thing that can (K-cur is bailing of tlu* con I act 
points by carlmn d(‘|)osi1s ami cxc(*ssiv(* medmnical doj>r(*(;ialioii 
of the actuating nu'clnniism. Kithcr of these tr-ouhles is easily 
determined on inspection and the ronualy is obvious. 

Troul)le is sometimes (‘xperienced with the low tensitm magnelo. 
which is sliown in section at Kig. 247. Tlie form slnnvn uses tilairi 
bearings and as these r(*(|uire cvuisiderablc lubricant it is j)o.ssible 
for the colhicting brush(*s or armature winding to b(*como oil 
soaked which interfer(*s with proper delivery of current. It is 
also important to lime the low tension magneto so that the contaet 
points of the igniter plate I will sepciratc vvlim the armature of 
the magneto has attained its i)Ositi(Hi of maximum curr(*nt genera- 
tion. This will In^ considered in d(‘tail in connection with the high 
tension magneto as will other magneto troulfies, so it is not iu‘ces- 
sarydo coiisidcir them at this time. It is important that the con- 
tact brush show’n bearing against the side of the armature and the 
contact member A, be making a positive connection with the parts 
they arc* intended to hear against. Failure of the low tension 
magneto to deliver cun*ent is usually due to poor contact at those 
points which may be produced by particles of fon*ign matter or 
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Fig. 247. — ^Magneto Used witli Locomobile Low Tension Ignition System. 


f4»plica1ioii ill wliidi llu* moving nircliaiiism im'dciu to operate the 
i^niitcr plates from the camshatt have been replaeed ^vith magneti- 
Ciilly operated ai)ark i)lug.s. Die leading exfimple of wliicli is the 
► Bosch vsliown at Fig. 248, A. This consists of throe main parts, a 
supporting iiieynber whieJi scrcAVS into the spark plug hole in the 
combiistioii eliamber, an eh'ctro-inagnet aiul oscillating inechanisin. 
The electro-magnet contains a coil of wire 1), and is protected bv 
a cover 13, and iron outer sliell A. A cylinder II wliicli is threaded 
at its hnvor end proj(»cts into the. coil. A collar Jv forms the 
base of the magnet. The oscillating nicehanism consists of a pole 
I>ioce E, a horse-shoe sliapcd .spring Q, and an armature F. The 
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lower part of the ijolc piece is provided wdth threads to fit the 
hollow cylinder II, and *is formed extcniially to he retained in the 
support K hy a retaining nut or collar L. The supporting mem- 
ber has the upper half of hexagonal form the same as any spark 
plug body and is threaded to fit the si)ark plug aperture. A 
steatite insulating member J in connection wdth tlie packing gas- 
ket insures against loss uf coiupression or explosiv'c pressure. 



Fig. 248. — The Construction and Application of the Bosch Magnetic 

Plug. 


The operation of the plug is very simple, as when tlie terminal 
P is conmjcted to the source of current when the electricity passes 
through tlie coil it magnetizes the core E, whicli attracts the arma- 
ture P,- pivoted on a knife edge extending from E to the rights 
this separating the contact points M and N and producing a 
spark. A brass plug 0 is inserted in tJie core E so the armature 
will not stick to the pole piece due to magnetism. A spring G 
tends to keep the points M and N in contact. The point N is 
attached to the spark jdng body and is V shaped, the other point 
on the armature being formed to fit into the V portion of ^M. 





Wiring Troubles 
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The complete ignition system is shown in (.liagrHiii form at Fig. 
248, B, and is very much tlic same as tlie wiring for a high tension 
magneto using jump s])ark jiiugs. In addition to the timer or 
contact breaker wdiicli is of the usual form, the magneto must in- 
clude a distributing device which will allow the circuit to flow 
to the plug in the cylinder about to fire a charge. The distributor 
consists of four contact i>oints carri<^d by a body member of in- 
sulating material and a rotary disiributor arm that makes contact 
W'ith the ditferent contact jioints in turn acconliim* to the firing 
order of the engine. The principal trouble apt to with the 

magnetic plug is short circuiting due to carbon deposits or ae- 
cumnlations of oil which will interfere with proinid action of the 
oscillating armature F. If the spi-ing G breaks, the operation of 
the plug will 1)0 erratic, and the engine will mislire. This system 
has received but limited application on automobile engines, but. 
has been used to some extent in marine engine work so the repair- 
man should, at least, be familiar with its principle of operation 
in order to have a reasonably complete knowiedge of electrical 
ignition uj^ethods. 

Wiring Troubles and Electrostatic Effects. — The principal 
troubles that are ai»t to occur in the wiring systems are evident 
on inspection, these eonsisting usually of a break in the conductor, 
wdiich may sometimes be concealed by perfect insulation covering ; 
wearing away of tlie insulation due to abrasion between the wire 
and some jnetal portion of the car w^iicli eventually results in a 
short circuit and the wiring becoming oil soak?d and failing to 
properly carry the cluirge of eurnuit wiiieli leaks through tlie de- 
fective iusulation. The wiring of a complete dual ignition sys- 
tem in w^hich tw’^o radically different methods of ignition are used 
is shown at Fig. 249. One system consists of a s(‘t of low tension 
igniter y>lates meclianieally operated from a suitable camshaft, the 
other method, which is independent, has high tension ignition pings 
o])erated through a timer of the usual form. At the present time 
where dual ignition systems arc provided the usual practice is 
to use two high tension systems, one of wdiieh w'ill derive its cur- 
rent from a battery and coil, the other whieli will receive the 
energy of a high tension magneto. A typical double system 
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adapted for six cylinder engine ignition is shown at Fig. 250. In 
this two spark plugs arc carried in each cj’liiidei*, one over the 
' intake, the oilier over the exhaust valve. A battery timer is 
mounted close to th(‘ dash from which six primary wires go to the 
individual coil units of tlie coil box. High tension wires come 



Fig. 249. — Side View of Engine Used on Early Columbia Automobile 
Having Both High and Low Tension Ignition System. 


I from tlio bottom of tlio coil to one sot ol* spark x)lup:s. J\notlier 
I set of high tension wires extends from the magneto distributor to 
if the remaining .set of spark plugs. 

i Tt will be .apparent that in both of the systems shown that con- 
Jsiderable cai-e is taken to have the wiring earriod in an orderly 
I manner and k(*f)t out of contact with the metal portions of the 
I cylinder by suitable insulating blocks, usually made of fibre, as at 
I Fig. 250, or in a fiber-lined metallic conduit, as shown at Pig. 249. 
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WIRINQ DIAGRAM, ’'38" AND ’'48 ' LOCOMOBILE 


Fig. 251. — ^Wiring Diagram of Locomobile High Tension Ignition. 

A typical clou))l(* ijynition system which has been used on some 
models of the Locomobile is clearly shown at Pig. 251. The method 
of running the wires for the primary circuit is very clearly out- 
lined at A. The complete wiring diagram showing the high ten- 
jsion leads going from the magneto distributor to the spark plugs is 
shown at B. With a system of this kind the current may be dc; 
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rivod Fj'om ji battery which is limed })y a i)rinuiry circuit breaker 
iittacJicd to the magnelo contact Imenkor l)(>x and sent tlirough a 
unit c'oil sociirrd lo llic* dasii. The jsccoildary current frOlli 
the coil is led to the center of tin* inaj^neto distributor, which serves 
the dual purpose of directing tla^ high tension current from either 
the magneto armature or llui inductioji coil to the spark plugs in 
tl’ic proper fii'ing order! Tlie usual method of housing the sec- 
ondary oaldes in a conduit of insnlaling matt'rial so that tiiore will 
bo no liability of short eir<‘uiting due to oil aeeunmlatious or to 
contact with metal jiarts is so clearly shown at Fig. 251 that further 
description is unnecessary. 

The repairman do(*s not generally i‘(*eognize the fact that the 
manner in which tiie high tension cables are led from a magneto 
or S])ark coil to tlie spark idugs is somelimes tlie cause of misfiring 
and ignition ii'j*egularities wliicli are hard to locate. A spark may 
sometimes oce'iir in a cylind(*r in wliicli the ]>islou is going dowm 
on its suction sti'oke which is not due to defective insulation of the 
wires or to short circuiling, but to an electrostatic a(*1ion between 
one wire and a mdgliboi'ing one llirough which no imrrciit is flow- 
. iijg. Endeavor should always he made to kt'op the secondary cables 
as short as i^ossible, us in some cases if a conductor is too long the 
teridenoy is toward an unreliable spark. Some ignition experts 
eonderiiii the practice of running the seeojidaiy wires close together 
in a fiber-lined conduit and recommend the use of liber cleats se- 
cured lo supports exb'udiiig from' the eugiia? asid provided with 
grooves that will liold the cables some distam^e apj rt. 

When individual unit coils are used a condition that often puz- 
zh‘s tliose Avlio have had no previous experienee Avitli it is what is 
known among old-time repairnun as “bucking/' tliis usually being 
evidenced on engines of Tlie four or six cylinder forms. The symp- 
tom is the same as a. prematiiro explosion in some one of the cyl- 
indci's, this having a tendency to cause the engine to come to an 
abrupt stop. One is often led to believe that a short circuit ex- 
ists at one of the timer wires which allow’s a contact being made at 
I the wrong time, producing a spark in the cylinder about to fire 
( before tlie gas is fully compressed or the piston has reached top 
center. This is due to an inductive interference betw^een one indue- 
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tion coil iiiid fi iieigliboring one. It Js known that when the pri- 

mary coil becomes energized in any unit the core becomes a magnet, 

and as is common with yll bar mapencts, linos of force arc given out 
which run from the norih to the south poles and which induce a 
current in the secondary winding of tlie transformer coil. If this 
magnetic influence does not stray from its proper confines no trou- 
ble 'will be experienced. If a porlion of tliis magnetic field strays 





Fig. 252. — Method of Carrying High Tension Cables in Conduit. 

<n'tT into a nt'ighboring coil unit miough voltage may be induced 
in tiie secondary winding of the latter to produce a 'W’cak spark at" 
a spark plug connected with a coil 'which riglitly should remain 
inactiblc. Tliis condition is more noted with old-style induction 
coils than with modern ones, and usually results when the motor 
is running .slowly. The trouble has been eliminated in many of 
the later forms of multiple unit coils by providing anti-induction 
shields between the units. These are merely metallic strips in 
which the energies from the stray magnetic force is dissipated in 






Fig. 253. — External Views of Typical Magneto Ignition Devices. A. — Tlie 
Eemy Magneto. B. — The Bosch Du 4, a True High lension Type. 

coil. It liiis Ix'oii (iiijvd at hy insciiiiig tliiii strii)s of sheet 

iron l)et\veen the coil units. Tin*, most frcMiiieiit cause of “buck- 
ing’’ is defective insulation of the secondary wires, which allows 
the current to jiimp from one cable to another. This is sometimes 
found to be the case when all cables are passed closely together 
through a common tubular conduit, and is not apt to result when 
wires are carried apart in cleats. 

Troubles with High Tension Magneto. — ^Before describing the 
various high tension magneto troubles it may be well to review 
briefly the construction of typical magneto forms in order that tho 
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repairman may become familiar Y!ith the principal types. High 
lension magnetos may be either one of two general forms, as shown 
at Fig. 253, it being practically impossible to distinguish between 
them from external appearances unless carefully examined. The 
magneto shown at A is a transformer coil type, i.e., it generates a 
current of low'X^oltage, which must be intensified by a separate coil 
of the iion-vibtSator form, the high tension coil current being brought 
to a central terminal on tlie distributor and from that point led 
to the various spark pings tiy tlie rotary distril)uting brush. The 
true high tension magneto, wdiich is shown at B, is a complete igni- 
tion system in itself, and does not depend on any appliances otlicr 
than the s|)aik [ilugs in the cylinders and a small gronniling switch. 
A high lension cuiTcnt is delivered from the armature directly to 
the distributing racinber and no separate transformer coil is needed 
unless the niagiielo is used with a <lual system. The partKS that 
demand the most frerpient inspection in a magneto are the nioro ac- 
cessible ones, tliese being the breaker box, which Jious(\s the con- 
tact points, and the distributor, which is utilized to commutate 
the secondary current. 

The construction of a SplitdorE magneto is clearly shown at 
Fig. 254. The longitudinal sectional view shows cl(*arly the com- 
ponent parts of the device. The armature is wmund to produce 
only lovr tension current, so the magneto must be used in con- 
nection with a separate transformer coil. A sectional view of a 
true high tension magneto, the Eiseraann, is shown at Pig. 255. 
This„. differs from that at Pig. 254 in that it employs a double- 
wound armature, w^hich delivers a current of high potential to the 
distributor. The spark time is advanced and retarded on most 
magiiettMS by rocking the contact breaker back and forth by a suit- 
able mechanical connection with the spark lever on the steering 
wheel. In the Eisemann magneto outlined an automatic spark 
control or advancing mechanism, which increases the lead of the 
spark as the engine speed increases, is included. The operation of 
this automatic timer is very much the same as that of the Delco 
automatic spark advance, previotisly' described. The governor 
weights are carried by a sleeve or quill mounted on an extension 
of the armature shaft, which has a rectangular block sliding within 
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'ig. 26^. — ^View Showing Construction of Splitdorf Magneto. 














j Fig. 255. — The Eisexnann High Tension Magneto with Automatic Spark 
j Advance. 


Iries the quill, in which it works, forward slightly and also the 
■iarmature shaft to which the quill is fixed. The armature is thus 
ilFidvanced and also the commutator, which is attached to the front 
Ijond of the armature shaft. As the speed increases tlie governor 
|kveights fly farther out and advance the time of ignition. AVhen 
ihe speed diminishes the weights tend to close up, this being assisted 
'foy the action of a coil spring, against, which the governor weights 
Ijivork at all times. An automatic spark advance may he obtained 
l^rom 18-57 degrees with this construction. 

I One of the most popular of high tension magnetos is i^own in 
^ction at Fig. 256. This is of Bosch manufacture, and is known 
Sis the D 4. The magnetic field is produced by the horseshoe mag- 




High Tension Magnetos 515 

nets A, of compound form, which are attached to the pole pieces, 
the space between foranng the armature tunnel, in. which the 
double- wound Armature B revolves. This carries a condenser, which 
turns with it, and also the rotating portions of the contact breaker. 
The armature is supported on ball bearings in order that it rotate 
freely. A small spur pinion, Q, is attached to the armature and 



Fig. 256. — Sectional View of Bosch High Tension Magneto. 


serves to revolve a larger spur gear, li, wlii(‘h drives the distribu- 
tor. The current generated in the armature winding is collected 
by the brush K, wliich bears against the insulator collector ring J 
which is mounted on an ebonite spool to prevent current leakage 
From the brush K the current is conveyed by the connector L tc 
another brush, which is in contact with the current conveying pen- 
cil N, which delivers the electrical energy to the rotating distribu 
tor brush N. The rotating parts of the distributor are mounted oi 
ball bearings in order to eliminate troubles due to bearing depre 
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ciation. A safety spark gap M is attached to the dust cover Z, the 
function of this device being to act as a safety valve for the ground- 
ing of any excess current, such as might be produced if the magneto 
was run without having the distributor connected with the spark 
Plug- 

Tlic arraiJgfiiiciit of the distributor and the contact breaker 
inechauism is very clearly outlined at Fig. 257. The distributor, 
which is the u])i)er portion, is employed in commutating the sec- 
ondary or liigh tension current only. The contact breaker or lower 
assembly breaks the I'rimary circuit. One end of the coarse wind- 
ing of the magn(*1o armature is led to the fixed contact meniber E 
by means of the screw' plug T), which serves to retain the contact 
breaker assembly to the armature shaft. Tlic contact breaker cas- 
ing, which is capable of oscillation but not of rotating, carries the 
fiber earn rollers W. As the portion F of the contact breaker re- 
volves the. toe portion of the bell crank lever (1 is i)ushed up and 
in by the cam roller, this separating llie contact point II from the 
fixed contact point carried by member E. Every tim^that the con- 
tact points separate a current of high ])otential is semt through the 
connector member L and the conducting pencil N to the distribut- 
ing brush N. When the contact points separate this distributing 
brush should be bearing against one of the segments carried by llie 
distributor block 0, this being in turn conneclc^d to sockets at the 
top of the block in which the plug terminals P fit. The bell crank 
lever X> is kept pressed out by the flft^jspring I, wliicli keeps the con- 
tact points together except at such times as they are separated by 
the cam rollers Y. It w'ill be seen by reference to Fig. 25C that as 
the distributor brush N is driven by positive spur gearing that it 
must turn in an o])posite direction to tliQ armature and at just half 
the armature si)eed on account of the distributoi* gear 11 b(uiig 
twice the size of the pinion Q. The brush N is therelbre revolved 
in definite timcfl relation with a contact breaker assembly F and 
the armature I?. It will take two revolutitms of the armature to 
produce one revolution of the brush N. This means that the con- 
tact points separate each revolution of the armature and that the 
brush N makes contact with two of the distributor segments for 
each turn of the armature. 




Pig. 257. — ^Front View of Boscli Magneto Showing Arrangement of Con- 
tact Breaker and Distributor Mechanism. 
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Another form of Bosch magneto whicli is practically the same 
in general principles as that just described, except fpr slight dif- 
ferences in the contact breaker and distributor, is shown at Pig 
258. This is a smaller device, using two single liorseshoe magnets, 
and is intended for small engines up to 30 II. P. The bigger mag- 
'leto, with its three compound magnets, is more powerful and will 



Fig. 258. — Sectional View of Bosch D U-1 Magneto. 


produce a hotter spark, such as is necessary to ignite the volume of 
gas in large cylinders. The Bosch DU-4 magneto contact breaker 
and distributor are clearly illustrated at A, Pig. 261. 

All magn(dos do not have rotating windings, three makes, the 
K-W, Splitdorf Dixie and the Kemy utilize a fixed winding and ro- 
tary inductor, substantially as shown at top of Fig. 259. The 
inductor pieccis are used to conduct the lines of magnetic energy 
through the winding and produce the current by cutting tJie turns 
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of wire. In the armature shown in the lower portion of Pig. 259 
the windings revolve in the magnetic field and generate the cur- 
rent. Another form of magneto Avhich is used on but one make of 
ear, the Ford, but which enjoys a wide distribution, is shown at 
Fig. 260 in coiine»*tion with the eomidete ignition system of the 
ear. Sixteen coils of coarse conductor are carried by a fixed plate, 



Fig. 259. — Remy Rotary Inductor Using Fixed Winding.s at Top, Con- 
ventional Double Wound Armature witli Rotating Windings at Bottom. 
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which is bolted to tiie oiigiiie crank case. A uunibcr of horseshoe 
magnets, not'shown in the illustration, are carried by tlie ends of 
the flywheel and revolve in front of the fixed coils, the space be- 
tween the magnet poles and the cores of the windingvs being just 
enough to provide clearance without danger of hitting the mag- 
nets. Owing to tlie large number of magnets and coils employed, 
a very strong current is obtained, wliich, while alternating in 
character, is used in the same way as battery current would be 



Fig. 260. — ^Diagram Showing Ford Magneto Ignition System. 

through four individual vibrator coils, which arc brought into 
circuit progressively by the rotary contact timer. 

The most popular form of magneto, if one can judge by the 
numbers of manufacturers using it, Is the true high tension type 
with the I'cvolving winding, though the low tension type using 
transformer coils have also been used to a large extent. 

In case of trouble with a magneto the point to bo determined, 
first of all, is whether tlie fault is with the current generator, if 
it is a true high tension form or in the plugs, or in the event of a 
transformer coil being employed, if that member is at fault. In 
cp^sc.s where only cue cylinder is firing irregularly the fault is very 
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likely to be with the spai'k plug in that cyliriiietl' ^he coniiiion 
troubles of sj)ark plugs and the method of repairing them have 
been previously deseribiiil. After the spark plugs have received 
attention the cables must be teste<l to make sure that the insulation 
is not injured in any way or tliat the metal terminals at the end 
uf the cable do nut come in contact with any metal parts of the 
motor or magneto. If the ignition fails suddenly, one can suspect 
a sliort circuit in tlie grounding cable, whicli is ennnected to the 
nut on the magneto contact lireakc'r and wliieh serves for switching 
the ignition off. This may.be easily ascertained by nmioving the 
cable from the magneto and seeing if iis removal enabh‘s the mag- 
neto to run correct ly. A spark Icajiirig the ga]) in the saftdy de- 



Fig. 260a. — Showing Colls and Magnets that Comprise Ford Magneto 
and their Relation to the Flywheel and Transmission Gear. 
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vice indicates a broken wire or one that has become disconnected 
cither from tlie pUi^ terminal or from the distributor terminal. 

H the cables and plugs are in good condition and the engine 
’works irregularly, it is apparent that the trouble is in the magnet 
if it is an ignition fault. In event of this, the mast irii])ortant thing 
to do is to make sure of the proper interruption cf tlie i)rimary cur- 
rent. The spring holding the cover of the contact breaker in place 
should be moved sideways and the brass cover taken off. It is then 
important to sec if the screw D, Fig. 257, is tight. If this is found 




Fig. 261. — Illustrating Methods of Adjusting and Caring for Magneto 

Contact Breakers. 
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to be set up properly llie next thing is to make sure that tlie con- 
tact breaker points are in contact when the bell crank lever is out 
of contact with the cam in tlie sides of the breaker box in the .type 
DU-4 or away from tlie fiber cam rollers in the type D-4. It is 
also important that the platinum points are separated by the proper 
distance, about .h millimeter, w^heii the lever C F at A, P^ig, 261, is 
ill contact with the cam. If the points are too far apart they shouhl 
be brought nearer tog(*ther by loosening the lock nut on. the ad- 
justijig screw sliown at C, P^ig. 201, and screwing it up to lessen, 
the. diU'erciice, or to screw’ it back and oi>(‘n the gap if it is not siiffi- 
oi(‘nt. The idntiniim contact ijoinls must also he cleaned, any dirt or 
oil being ea^sily removed, as shown at P^ig. 2^1, 1>, by gasoline 
squirted on them from a small hand oil can. In case the contacts 
are uneven, ])itted or hlackciied, tliey must he smootlied w itli a jew- 
eler 's fine out file. After continued use, if the platinum points 
jiave w'orn down the idatinuni-pointed screw must he removed. It 
is also important to make sure that the liigh tension current col- 
lecting brush, K, P"ig. 256, is in contact with tlie collector ring, and 
that the conducting })cricil N makes proper contact with the brush, 
against which it hears. This high tension collecting brush is indi- 
cated as P, and the collcetor ring as 0, in P’'ig. 258. The iritC}*ior 
of tJic distributor must be clean and free of metallic or carbonaceous 
matter. The distributing brush must bear positively against the 
distributor section and the interior of the distributor should be 
smooth and all contacts clean and bright. 

Mention has been previously made of makiug sure that the 
screw which keeps tlic contact breaker assembly in proper relation 
with tlie armature shaft is tight, w’hich calls for careful examina- 
tion. If this screw is loose, the contact breaker assembly will not 
move in proper timed relation with the armature j in fact, it may 
not move at all, which will prevent the contact point from separat- 
ing and which will also result in failure of the ignition. If every- 
thing appears to he all right about the magneto, the timing should 
be verified to make sure that the spark is occurring at the right 
time in the engine cylinders. It is easy to tell if the magneto is 
producing a spark of proper intensity by uncoupling a spark plug 
conductor and holding it a short distance away, not more than 
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Fig. 262. — Outlining Use of Gauges in Obtaining Correct Setting of 
Magneto Contact Breaker Points. 

34" from the torminnl. If a magneto is functioning properly a 
spark will jump the air gap thus created. 

At Fig. 261, D, the contact breaker and distributor construction 
of the Remy magneto is shown. It will be observed, in this case, 
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that the contact breaker assembly does not rotate, as in tlie Bosch, 
but that a rotating two-point cam is attached to the armature shaft 
and interrupts the contact between the points P by bearing against 
the end of the bell crank CF. The instructions given for care of 
the Bosch magneto apply just as Avell to this device. Realizing the 
importance of having the gap between th(' contact breaker points 
of the proi)er amount, the magni‘to manufacturers furnish gauges 
which are to lie used for testing tliis gaj). Tliat shown at Pig. 
2()2, A, is for use with the Fiscuiiann magneto. With the contact 
breaker removed, as indic<it(‘d at B, the eontaet points C-4 should 
be tog(‘theP as indicated. WheJi the gauge is inserted in*thc hole 
C-7 it will indicate the correct amount the j)oint should be sepa- 
rated. The gaug(* at Fig. 2fi2, ('. Ls merely a ]ueeo of tliin slieet 
steel of tlie ])r()|)(‘r thiekness wliieh is used as indic^ated when tlie 
points are separat(‘d*by tlie bell crank lever riding on the cam block. 

Recharging Weak Magnets.— After a high tension magneto 
has Ix'cii in use for a time th<? magnets lose tlieir strength and it 
is neeessajy to recharge tlumi in ordtn- to r(*slore tlie magneto to 
its fnll (‘fticiency. Wlicn magnets are weak the resulting secondary 
spark will also be Aveak and Ihe motor will not run rc'gularly, no 
matter how carefully the device is adjusted. IF the motor does run 
without misfiring it will not develop its full j)ower if tljc magnets 
are weak. An electro-magnet designed to oi)cratc on 110-volt cur- 
rent is shown at Fig. 2():l, A. The core is of soft iron, 1" in di- 
ameter and j" long. They are drilled at the ladtom for a retain- 
ing screw; which is intended to keep them in contact with a base 
l)late of steel Two blocks of steed I;l4"x2"x4" are 

drilled to receive the cores, and have set screws in the side so they 
can be clamped tightly against the core to form polepieces. A 
brass tube about thick at the side, having flanges at each end 
projecting over to hold fiber hisulatiug idates as shown, may be 
turned to the dimensions indicated in a lathe or may be made up 
of sheet stock if desired. The hole through the center of the brass 
spool is of such size as to permit the core to fit freely in its interior. 
Besides this equipment, 22 lbs. of No. 20 B. & S. gauge insulated 
copper wire will be needed. Eleven pounds is w^ound around each 
brass tube, winding one coil in one direction and the other the 
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Fig. 263. — ^Defining Construction of Magnets for Bemagnetizing Magneto 

Field Members. 

opposite way. Leave about 6" of wire when starting to wind the 
coil in order to make a connection between them. After both coils 
have been wound shellac them tlioroughly and wind insulating tape 
over the outside. The cores are then fastened to the iron base 
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plate, Die coils arc slipped ovei* the cores and the pole pieces at- 
tached to keep the coils in place. The view o£ the completed mag- 
net is clearly shown in the assembly depicted at Fig. 263, A. This 
can only be used with 110 volts direct current. 

Before recharging the, generator magnet it is important to lest 
tlie polarity of the ch'clro-niagnet, as llie north pole of the magnet 
to be ciuirged must be brought in contact with the south pole of 
the elect ro-magnet and vice versa. It is Jiot difficult to ascertain 
the jmlarity by using an ordinary compass or magnetic ucv?clle, the 
marked pole of which will point toward tlie north. Once the 
])olarity lias been dcdcnnuiiK^d the i>ojes may he marked in any de- 
sired way, usually by stamping the noi-th pole. N and the south 
pole S. Another rnagnet-eharging <levie.e, which was described in 
the Connnerc'ial IMolor, utilizes storage l)atteries as a source of 
magnetizing current. Tlie magnets arc comiiosed oC soft iron core 
pieces about 6" long and 1" in diameter. The base is constructed 
of mild steel jilate, the cores being i'astem'd to the jdates by screws 
or by turning down the end of the core and threading it to fit the 
iiole in the base plate. Before screwing down the core pieces they 
are w'ound with No. 22 gauge insulated wire, the ends being left 
free. TJie wires are coiineided up to a pair of storage batteries, as 
shown, and the latter are so connected up that the polarity of the 
soft iron cor(*s are nortli and south respeetiv<'ly. Enough of the 
wire is wnnind on to liav<^ coils of about 2" in diameter. If the 
core shows signs of overheating, low- voltage lamps should be placed 
in the circuit to introdnee some resistance. The voltage of the lamp 
to be used depends entirely upon the voltage of the battery used 
to (mergize the magnet. 11 is staled that the magnets wdll be 
charged if they are merely placed in contact wnth the energized 
cores until they liave absorbed suiThnent magnetism to enable them 
to sustain a weight of 10 lbs. after which they are ready to be 
replaced on the magneto. 

The illustration at C, Pig. 263, shows the Seanor garage niag^ 
net charging outfit, w^hicli is claimed to charge the magnet in one 
minute. Prom the exterior view of the device it wnll be evident 
that it consists of a base upon which arc mounted two solenoid 
coils carried in square boxes. The magnets to be charged are in*- 
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i^rled through the center of these coils during the energizing 
process. In order to accommodate a horseshoe magnet of any 
spread, one of the coil boxes is mounted so the distance between the 
two openings is altered if desired. As ordinarily constructed, the 
windings are wound for 6 volts and 20 amperes. In charging a 
magnet tlie ends of the liorseKshoe are brought up against iin iron 
core of the coil in such position that the magnet is attracted and 
not repelled by the core. The magnet is ttu'ii pushed throiigli the 
apertures in the centers of the coil boxes, taking the place of the 
iron core, which is slowly pushed out. Tlie current is then con- 
nected for merely the length of time reqniivd in touching one of 
the terminals of the wire to the binding post two or three times. A 
keeper is then laid across the part of the magnet arcli wliich j)ro- 
jects beyond the coil bo\(‘s, and wdth tlie keeper still in place tlie 
magnet is replaced on the magneto. It is stated that a freshly 
charged Tungsten steel magnet of a large magneto will lift in the 
neighborhood of 20 lbs. as ordinarily energized by the magneto 
manufacturer. It is stated that with this device the magnet pull 
can bo increased to 110 lbs., which, of course, means a stronger mag- 
netic field when r(fa.ssembled on the magneto. 

Transformer Coil Magneto Systems. — Methods of wiring typi- 
cal transformer coil magneto systi‘ms are shown at Figs. 264 to 266, 
inclusive. At Fig. 264 all the jiarts of a syslern of tliis nature* are 
clearly shown, and the wiring may be readily traced from the mag- 
neto or battery to the coil. It will be apparent that at the boltom 
of the single unit coil there are four primary terminals and one 
secondary terminal. A high tension cable runs from the second- 
ary terminal, wliicli is protected by an insulating member to the 
central distributing terminal on the face of the distributor. The 
terminal marked ‘‘Bat.’' is attached to the carbon of a 5 dry-cell 
battery, while the zinc terminal of the series is connected with a 
terminal marked “Int.^' and ‘‘Bat.’' From this same terminal a 
wdre runs to the terminal on the side of the contact breaker. The 
terminal on the face of the contact breaker is coupled to the coil 
terminal marked “Mag." A terminal on the coil marked “Grd." 
is attached to the grounding terminal on the inagnelo contact 
breaker. With this system, when the switch lever is pushed over 
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to the side marked “Bat.,” tlie current from the dry cell battery 
is conveyed to tlic magneto interrupter, from which it is led to the 
primary winding of the coil. The secondary current is distributed 
by means of the magneto distributor to the spark plugs in proper 
firing order. When the switch lever is sliiftc<] to the other side 



Fig. 264. — Typical Transformer Coil Magneto Ignition System for Four 

Cylinder Engines. 


of the switch, which is marked “Mag.,’’ the current for ignition is 
obtained from the magneto armature instead of the battery. 

Two of the Splitdorf ignition systems are shown at Pig. 265, 
that at A being used in connection with a round type dash coil, 
while that at B is employed with a square type dash coil. The 
coil at A has but six terminals, that at B has seven terminals. In 
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the coil at A the center lerininal is used for tlic high tension cur- 
rent and is connected to the central terminal of the magneto dis- 
tributor. Terminal A of the coil runs to icrmiual A on the mag- 
neto contact breaker face. The wire marked ^‘2” runs to the 
terminal on tlie si<le of tlie contact breaker. A wire joins terminal 
^‘3'' on the coil with the grounding terminal ‘^3'^ on the magneto. 



Pig, 265. — ^Wiring Diagrams, Showing Application of Splitdorf Trans- 
former Coll Magneto System. 
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Tlio two remaining terminals of the coil, which arc below’ the sec- 
ondary terminals, are joined to the battery, which is convention- 
alized for the sake of simplicity. Tn the system showm at Fig, 
2(j5, B, tlie terminals on the magneto and those on the coil arc like- 
w'ise numbered, and there should be no difficulty in tracing these 
and making the proper connections if this diagram is used as a 
guide. 

The Remy transformer coil system is shown at Fig. 266,. the ap- 
pearance and dimensions of the dash coil and the method of instal- 
lation arc clearly showm at A. It will be observed that at one end 
of the coil there are two tcriiiinals, one marked '‘Bat.,’' the other 
"R.," which arc wired to the dry cell battery, as shown. On the 
back of the coil is the secondary terminal, clearly outlined at B, 
which runs to the center of the distributor. The magneto shown 
is intended for six cylinder ignition and therefore has six distribut- 
ing terminals, to be connected with an equivalent number of spark 
plugs. In order to’ simplify the wiring when the R(*my system is 
employed, the primary wire group, which consists of three wires, 
has the insulation of each conductor a different color. One is yel- 
low, one green, and the remaining one red. The red wdre, wdiich is 
attached to the grounding terminal on the magneto base, goes to 
the center terminal on the side of the coil that has the three pri- 
mary terminals and wdiicli is Shown at B. This would be the right 
side if viewed from the front, wdiile the battery terminals are on 
the left side, if the coil is looked at from the switch end. The yel- 
low wire is connected to the contact screw on the breaker box and 
goes to the terminal on the side of the coil nearest the dash. The 
green wire runs from the screw on the magneto base to the remain- 
ing terminal on the coil. 

Dual Magneto Systems. — When the high tension magneto was 
first introduced it was looked upon in some quarters by conserva- 
tive manufacturers and motorists with some degree of suspicion, as 
its reliability had not been thoroughly established. Sometimes diffi- 
culty was experienced in starting a large engine directly from the 
magneto because it could not be turned over fast enough with the 
hand crank to turn the magneto armature at sufficient speed to 
produce a strong spark. In order to provide an emergency sys- 
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tern of ignition and one that could be used for starting, the mak- 
ers of high tension magnetos evolved what are termed ‘‘dual sys- 
tems/’ The magneto utilized is i)riictica]ly the same as that used 
ill the simple high tension systems, exeej)t that the contact breaker 
Jiad a battoiy timer added which was used to interrupt a battery 
current. Tlie reason for adding the hattmy timer and jiot using the 
magnr to contact breaker was (liat a slmrt contact was necessary to 
obtain satisfactory ojx'ration from hattc^ries, wliicli the regular 
magneto contaet l»reak<’r did not furnish. As the writer has pre- 
viously explaiii(‘d, llw* jioints of a magneto contact breaker are kept 
in contaet until inteiTn])ted l)y the earn. If these were used on a 
battery the current would bt^ Jlowing Ihrongli them all the time 
tliey weri' in eontac't, wbieh would ]>nHlnee (*nrrent waste. AVith 
tli(^ batleiy tinier ineorjiorabMl on the contact breaker the cirenit is 
(‘stablish(*(l only at Ihe instant the spark is m^ediMl in the cylinder. 
The systems shown at 2(j7 are of Simms design, the only dif- 
ference b(‘lng in tlie nnmbin* of terminals provided on Die coil. 
In the system at A four terminals an* used. In that at T>, but tlireo 
are emj)loye<l. Tln‘ ojily diircnmce in the wiring is the eonneetions 
of Ihe hatti'ry terminals. On Wu) four terminal coils two of these 
are joim'd to the balterv. On tin* thne-lenninal coil the wire that 
runs to point 1 of the magneto, as shown at B, also is joined to the 
positive terminal of tlie storage battery. 

Tlio Boseli Dual system, which is sliown at Fig. 268, has six 
terminals on llie, liaek (‘iid of tlic coil. Tlie coil is attached to the 
dashboard,' as indicated, in tin* upper right liaiid corner, and car- 
ries the switch and the starting button on its fa^e, Tlu? coil is of 
the vibrator type. The terminals are all numbered and the wiring 
may be readily traced, as llie points to wliieh'lliey connect on the 
magneto are numbered to corresjvmd. In this system, instead of 
using the usual high tension pencil connecting the collector brush 
to the center of the distributor, the high tension brush terminal 3 
is joined to a torinirial on tlio spark coil, while terminal 4 of the 
spark coil is joined to the cential disiribnting brush 4 of the mag- 
neto. Terminal 6 of the coil is grounded, terminal 5 of the coil 
runs to one of the battery terminals, the other one being grounded. 
This leaves terminals 1 and 2 on the coil, No. 1 being connected to 
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Tig. 267. — ^Wiring True High Tension Magneto to Obtain Dual Ignition 

System. 
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teriuinal at Iho side of the battery contact breaker, while terminal 
No. 2 attaches to a lerminal on the side of the magneto contact 
breaker. AVith a system of this kind or with either of those sliown 
at Fig. 2G7, it is ])oasible to short circuit the coil by x)ressing in 
on a starting button, which makes tlie vibrator buzz even if the 
primary contact breaker on the magneto is not making contact. 
This permits of starting the engine directly on the spark when 



they are of the four or six cyjindcr form, providing they have not 
been stopped long enough for tlie gas to leave the cylinders. 

Master Vibrator Ignition Systems. — Practically the only car 
at the present time using the individual unit system of ignition is 
the Ford, the complete wiring diagram of which is clearly shown 
at Pig. 270, in the relation the parts actually occupy in the car. 
It will be observed tliat the induction coil has ten terminals, six 
of these being for the primary circuit and four for the secondary 
wires. The upper terminals of the coil are primary and run to 
the timer segments. The four secondary terminals are connected 
to the spark plugs as indicated, while the remaining two terminals, 
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which are at the bottom of tlic coil, are joined to the magneto 
terminal and to the batlery respectively. In the system outlined 
each coil has a separate vibrator. 

Many Ford cars have been supplied with what is known as a 
master vibratcu*, whieJi is a niagnelie circuit breaker intended to 
perform that function for all of the coils. It is claimed tliat a de- 
vice of this character procliic(‘s synchronism of the ignition spark, 


LodliiiiK .it Front oC iJ.ii-li I'nclur TTooil 




Fig. 269. — Method of Using Master Vibrator in Connection with Four 

Unit Coil. 


./hich is not possible' to obtain 'where four separate vibrators are 
used on account of some of these being tuned up faster than the 
cithers. It is contended that this makes a smoother-running engine 
and one delivering more power. A master vibrator unit that en- 
joys wide sale is of K-W maiiufaclunj and is designed especially for 
use with Ford cars. Tlic method of wiring the vibrator is clearly 
outlined in the upper left hand corner at Fig. 269. As the vibra- 
tor unit carries a switch on its face, it has three terminals at the 
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bottom, the center one of which is connected to one of the regular 
terminals of the spark coil, leaving the other one blank. One of 
tlie outside terminals of the master vibrator is coupled to the mag- 
neto, the other to a battery. The switch of the main coil is used 
only on one contact button, and may be hd't on that button, as the 
battery or magneto may be thrown in (drcMiit at will by the switch 



rig. 270.- The Ford Ignition System. 

on the master vibrator coil. It is necessary to sliort circuit the 
regular vibrators in order to put them out of commission. This 
is done by running a 'vire between the vibrator springs and the 
bridge carrying one of tlie contact points, as shown at the bottom of 
Fig. 269, Another method of short circuiting the vibrator is to 
keep the points in contact by wedging a piece of wood, rubber or 
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Fig. 271. — ^Wiring Diagram of Triple Ignition System Used on Six Cylinder Motor. 




Double and Tuple I g'natm isTjfirtcimr — - — 

cardboard under the vibrator spring between the core of the coil 
and the vibrator. Keeping the points iji contact in this manner is 
equivalent to short circuiting tlieni by tlie wire shunt 

When but one vibrator is used the contact points must be made 
larger than those on the individual vibrators, because it does four 
times as much work. Tlio oonsiruelion of the K-AV vibrator is 
clearly shown at Fig. 209, and in view of the instructions that have 
been previously given for the care and adjustment of these devices 
it is not necessary to describe its construction. The instructions 
given for adjusting tlie .vibrator are very simple, it being merely 
necessary to ol).scrve it* llicro is a space of %4 inch between the 
platinum contact ])oints when the vibrator spring is held down 
firmly on tlu^ iroii core. A gauge made of inch thick steel may 
be plac(^d between the contact points until tlie adjusting screw is 
screwed down to a point wtiere the gauge can be ])nlled out witli- 
out much trouble. This will give the proper distance for the arma- 
ture or bottom spring to travel. 

Double and Triple Ignition Methods. — There are many cars 
in operation to-day which utilize doulile and triple ignition sys- 
tems, On some of tlicse it is possible io have three practically in^ 
dependent means of supplying the ignition spark. As will be ap- 
parent, the wiring of a triide ignition system is apt to be much 
more complex than that of the simpler methods now in vogue. In 
the ignition system outlined at Fig. 271, which has been used on a 
six cylinder car, it will be evident that in addition to the usual 
Bosch D-6' dual magneto an entirely ind<'penderit individual spark 
coil and battery timer system is included. 'Twe Sets of plugs are 
used, one serving lioth magneto distributor systems, while the other 
is connected to the individual coil units. The connections of the 
magneto system are no different than in the regular dual system 
previously described, while those of the battery and coil may be 
easily determined by a close study of the diagram. The' primary 
timer has six contacts, one of which serv^es each ignition coil. As 
the firing order of this engine is 1-5-3-G-2-4, the wires from the 
timer must run to the individual unit coils in the same order so 
as to have the cylinders fire in proper sequence. For example, 
the wire from the contact No. 1 of the timer runs to coil No. 1, 
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next in order is contact No. 5, which is wired to coil unit No, 5. 
Following this comes timer contact No. 3, w’hich supplies current 
to coil No. 3. While the individual spark coils art? connected in 
order, i.e., coil No. 1 is joined to spark plug and cylinder No. 1, coil 
No. 2 to spark plug and cylinder No. 2, and so on the timer con- 
tact must be numbered according to the firing order. It will be 
apparent that two sources of ignition current are })rovide(l for the 
battery and coil syst(?nis, <me being a storage battery, the oilier a 
set of dry cells. 




Fig. 272. — ^Wiring Diagram of Double Ignition System at A; of Triple 
Ignition System at B, both for'Four Cylinder Engines. 
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A (loiil)le ignition system in which a true high tension magneto 
is used and a four unit vibrator coil and four i^oint timer is shown 
at A, Fig. 272, This ignition fiystein is for a four-cylinder motor 
having a firing order of 1 — 3 — 4 — 2. At B, Fig. 272, a triple igni- 
tion system for a four-cylinder engine is shown, this being praC" 
tieally tlie same as lliat outlined at Fig. 271, except tliat' the 
wiring diagram is somewhat simpler owing to the lesser number 
of cylinders. Tlie advantage of a double ignition system, is that 
one can determine il* irregular engine oi)eraiion is due to the igni- 
tion system or nut very easily by running the engine first on one 
system, then on the other. If the engii](‘ runs as it should on the 
battery system ufler it has been misfiring on tin* iiuigneto it is 
reasonable to assume that some portion of Ihe, magneto system is 
not fiinelioriing [)ro])(‘rly. If the engine runs wi;ll on tlie magneto, 
but not on tin* liattery, tlie trouble may be asej-ibed to failure in 
the chemical cun’cnt produccT or its auxiliary devices. On the 
other hand, if the <‘iigine does not run well on either ignition 
systems, it* is fair to assume that the trouble is not due to faulty 
ignition. 

Two Spark Ignition. — Most racing and a few [>l(»asure ears 
liave been c((ini)ped with two spark magiKdo igriilion systems, the 
idea being to secure greater i^nver and speed due to the use of 
two spark plugs in the cylinder. AVhile systems of this kind are 
rare, it may be wtII for the reiiairnian to Ixrome familiar with the 
princi])les involved in case he should ever be ealh^d upon to install 
a two spark niagiudo or to make repairs on some speedster model 
so t‘(piipped. When a magneto is employed in eonneetion with two- 
spark ignition it is common practice to iirovido two separate dis- 
tributors and in some eases a double wound armature having two 
sets of windings s(?rved by a common contact breaker. In the 
system shown at A. Fig. 273, a two spark magneto is employed 
in connection with the simple dash sw'itch wired as indicated, by 
which one may olitain the use of but one spark with the switch 
lever in the position showm and the double spark if the switch lever 
is rocked to the other extreme, or on the line marked ‘^ 2 /^ If 
the lever is swung to the left or on a line with that indicated 
'‘0,^^ no spark will pass through the engine, as Jhe magneto will 



Fig. 273. — Outlining Use of Two Spark High Tension Magneto. 


"Timing Battery Ignition Systems. — In timing a motor using a 
battery ignition system with individual vibrator coils to supply 
the current to respective cylinders, the first thing to ascertain is 
the firing order of the engine to be timed. The diagram, Pig. 274, 
shows all' comi>onents of a battery ignition system, also a sectional 
view of one of the cylinders of the engine, showing the position 
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of the piston wlicn the spark should occur in the cylinder with 
ih(i primary timer fully advanced. When the primary timer is 
fully retarded the spark will take place after the piston has reached 
the top of its stroke and lias started to go down on tlie explasion 
stroke. The four unit siiark coil has a. two ])oiiit switch on its 
face and has ten terminals. Four of these wliieh arc protected 
l>y heavy insnlatoi's or bushings of hard rubber run to the spark 
jdugs as indicated. These are the secondary terminals. The 
Iwo primary terminals under tlie switeh are eonnected to the posi- 
tive poles of the dry cell and storage l)atleries respeetively, the 
iM'gative terminals of the two batteries being joined together by a 
common wire and grounded. This loaves four primary leads which 
go to insulat<‘d lt*rminals eonnecting with the segineiils of the 
timer. 

The luetliod of liming an engine is very simple. The spark 
advance lever on the steering wlieel is advaiieed fully. The inlet 
valve of cylinder No. 1 is w’atclied as the engine is turned by the 
hand crank. Just after the inlet valve closes vvhieli indicates that 
the piston has started to go up on its compression stroke the piston 
travel inaj'' be gauged accurately as it moves up by the timing rod 
inserted through a petcock in the tox) of the cylinder or through 
a valve cap opening. If the engine is not provided with a relief 
cock or spark plug tliat will permit the use of the gauge rod, the 
flywheel markings may be utilized to determine the center corre- 
sponding to the end of the piston upward movement. The vibrator 
of coil connected to cylinder No. 1 should begin to buzz with the 
timer casing in full advanced position before thj piston reaches 
the end of its upward stroke. The amount of crankshaft travel 
is about 30 degrees from the point where the spark takes place to 
that where the piston reaches the top of its stroke. If the timer 
casing is set in full retard position the spark should take place 
30 degrees pf the crankshaft travel after the piston has left the 
end of its compression stroke. Some engines have the spark set 
45 degrees advance. AVitli the spark advance lever set about half 
way of its travel the spark may be made to occur just when the 
piston reaches the end of its compression stroke, or on top center. 
It is necessary to provide a wider range of spark advance on a 
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battery and coil ignition system than when a magneto is used, as 
it is said tJiat a range of advance of 60 degrees is siiflBcient for 
four-cylinder motors and 27 degrees for si x-ey Under motors with 
magneto ignition. 

In timing a strange ear it is easy to tell whether the movement 
of the si)ark lever advances or rtdards the timer ease by noting 
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Fig. 274. — ^Diagram Showing Method of Timing Four Cylinder Battery 

Ignition System. 


the direction of movement of that member. If the sparli advance 
lever is pushed in a certain direction, say from tlie point on the 
^sector nearest the driver to the other extreme, and the segments 
on the timer move to meet the advancing contact roller, it is eyi- 



Timing flattery Ignitwn ay nenut 




dent that a movenuiiit of the spark advance lever from front to 
roar advances the ignition. If the timer case oscillates so the 
segment moves away from the advancing contact roller, that move- 
ment of the spark ](*ver retards the ignition. In most timers the 
rotating eontacft member is fastened to the sliaft in .such a way 
that it may he moved independemt of engine rotation, if desired, 
by releasing the fastening. Sometimes it is hold on a tapered 
Jiliaft by a clamping nut, iJi other contslnicliuns it is driven by a 
hollow .shaft whieli. is set screwed to the* timer driving shaft the 
position of whicli can he changed as desir(‘d. In every case the 
roller sliould bo sot in contact with the segments joined to coil 
unft Xo. 1, the remaining UTminals h(‘ing wired according to the 
firing order and the direction of rotation of the timer brush. In 
the diagram now under discussion after the roller leaves unit No. 1 
segment it A\ill go to that in ennncctiori witli unit Xo. 2, then to 
the one joined io unit No. 4, and fiiiaUy to tla* terminal conveying 
the electrical current to iniit No. .S. This means that the plug in 
cylinder No. 1 fires first, followed by liiose. in cylinders 2, 4, 3, 
in Ibe order nann‘d. AVith liie swiicb I(‘ver in the i)osi1ion shown 
or between the two <‘onlacl biiltons, the ignition is intf‘rruptcd 
and battery eurn*iit ejinnot flow to the eoil iiniL If the .switch 
lever is moved to the button on the right' marked ‘‘storage bat- 
tery/^ the secondary ciimnit producer ^^ill fnrni.sh ignition. If 
moved to the bulton oa the left, the dry cells will be hrouglit into 
action. The same metliod is employed in timing a two, three or 
six-cylind(*r motor, the only |)recaulioti to he observed being to 
run the wires from tlic timer to tlie coils .so the e^linderj^ will fire 
in i)roper order. 

At one time secondary distributor sysleius using a single unit 
vibrator coil ^or firing a multiple cylinder engine were very popu- 
lar, but at the present time fc\v cars u.se tlie long contact timer 
and distributor oombinalion. The modern cars that employ battery 
ignition use a short contact timer and a non-vibrator coil unit. 
Popular systems of this nature are the Atwator-Kcut find the 
Delco, both of which have been previously described. Practically 
the same method of liming is employed with these systems except 
that there is but one primary terminal on the contact breaker por- 




Fig, 275. — ^Diagram Showing Method of Timing Four Cylinder High 
Tension Magneto Ignition Ssrstem. 


Timing JIagneto Ignition Systems. — An ideal metliod of mag- 
neto placing and one followed by a large number of manufacturers 


Timing j^Iagneto Ignition Hyatema &17 

is shown at Fig. 275. In this the device is fitted to a four-cylinder 
engine, and as the armature must be driven at the same spee^l as 
the crankshaft, it is necessary to use but one extra gear, that being 
tlie same size as the engine shaft pinion and driven by the cani- 
shaft speed reduction gear. Incidentall 3 ^ tlie sketch illustrates the 
best method of timing the magneto, which is one of the direct 
high-tension type. The position of the various parts is clearly 
shown. Having fixed the magneto to the engine crankcase, the 
driving pinion, or one of the members of a flange or Oldham 
coupling, is put loosely on the tapered cud oF the armature shaft, 
aTid the cover to the distributor and the dust cover of the contact 
breaker are removed to allow one to control the position of the 
armature. The motor is now' turned over by Jiand *so the piston 
in the first cylinder is at ^op center, wdiich can he determined 
either by w’atching the crankshaft through a suitable Opening in 
the engine base, by reading the marks on the flyw’heel rim, or by 
inserting a wire through a comi)ression roliid* i)etcoek or spark 
plug hole, if either of tliese is at the top of the cylinder. 

The armature of the jriagncto is then broiiglit to the posilion 
■ indicated in sketch, which represents the fitting of a magneto 
that is turning clockwise when viewed from the driving end. The 
distance between the end of the armature and the pole piece should 
be between 14 and 17 mm or between .5511 inch and .6692 inch. 
This represents an advance of about .5 inch on a motor with a five- 
inch stroke. A grapliic chart, prepared by the Bosch Company 
and reproduced at Fig. 213, shows the relation between piston 
travel and crankshaft movement for engines of d ffereiit strokes 
very clearly. The armature is um*ovc*red b.y removing the flat 
casing cover lying belw'cen the horses]ioc3 magnets, this often carry- 
ing the safety spark gap (as sliowui at I'^igs. 256 and 238), and 
normally serving as a lid. IF earlier timing l)c desired for any 
special purpose llic gap maj'' be widened a trifle, if it be thought 
the timing is too far advanced, the gap may be lessened. The 
contact breaker is fully advanced at this time and the contact 
points are just about to separate. Having placed everything in 
position as described, tighten the coupling on the lai>er shaft and 
ream out for a small taper pin. 
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Fig. 276. — ^Firing Orders of Typical Bight Cylinder V Engines. 
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. Tig. ZJl , — Chart Shoving Piston Travel to Correspond to Different 
Degrees of Spark Advance for Motors of Various Strokes. 


Advance ip degrees. 






rig. — At Top, Showing Methods of Timing Bosch High Tension 

" "NLi.^neto when Rotated in Either Direction. At Bottom, 81mplifiF| 
Wiring Diagram of Bosch High Tension Ignition System. I 
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•The connections to the various cylinders must be mAde in the 
r rdor they fire (see following tabulation). When the cover to the 
rlish’ibutor is off, see at which segment the brush is contacting. 
' The wire to the spark plug in the first cylinder is then led to the 
'terminal corresponding to this segment. Then the plug in the 
( '•ylinder that is next to fire is coupled to the next segment, and 

10 on. The nuiribers on the distributor show the ordgr in which 



Left Hand Magneto. 

Looking at Machine from Driving 
End. Points (5) about to Open as 
Armature Core leaves Pole Piece 
about 1/16", Segment just under Brush. 



Looking at Machine from Driving 
End. Points (S) about >'0 Open as 
Armature Core leaves Pole Piece 
about 1/16", Segment just under Brush. 


Fig. 279. — Showing Methods of Timing Splitdorf Magneto. 


le various contacts are brought in contact with the rotating dis- 
L'ibuting brush, and not that in which the cylinders fire. In the 
j'etch the cylinders fire 1 — 2 — 4 — 3, Therefore, the segment num- 
r 3 is coupled to the plug in cylinder 4, and the segment 4 is 
jnnected to the plug in cylinder 3, which is thus the last to fire 
if the explosion takes place first in cylinder 1. The direction of 
the distributor brush rotation, if driven by the usual form of gear- 
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ing, is opposite to that of the magneto armature. Obviously, if 
one cylinder is timed correctly, the remaining members will also 
fire at the proper time in the cycle of operations. The positions 
of the armature, distributing brush, contact breaker cam and 
piston arc easily ascertained by inspection of drawing. 


Oistribtrtfer Terminals 


Ereaher 

Contact Screw 



Distributer 


-Cam house 


Breaker arm Cam 


Fig. 280. — ^Front View of Bemy Magneto, Showing Construction of Dls- 
trihutor and Contact Breaker. 


Firing Order of Typical Engines. — The following informatioai-i 
Illative to timing of leading 1914 and 1915 models of American, 
^■^^ufaeture will prove of great value to the repairman called 
upon to repair many different makes of cars. It is well to remem- 
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ber, if the firing order is not known, that it can be easily determined 
by following the inlet valve movements in the cylinders and noting 
the order of opening of these members. 

ABBOTT-DETROTT. 

34-40 AND 44-50 — FiHiNO Order 1-3-4 -2. 

Bklle Tslk — Firing Ordkr 1-5 -3-0-2 -4. 

Magneto Sotting-— Piston dead centre, lover 1‘ully retarded. Full advance, 
spark occurs with crankshaft 13 degrees ahead of (load centre. Contact 
point gap .Olt< inch. 

ALLEX. 

40 — Firing Order 1-2-4-3. 

JMagueto Setting -Piston top dead centre, le\or fully retarded. 

AATERICAN. 

Scout — Firing Order 13 -12. 

044, 040 AND 000 — FiRiNr. Ordeu 1_5-3^0 2-1. 

Magneto Setting— Three-quarter inch after dead centre on flywheel. 

ARBEXZ. 

Full NO Order 1 -3-4-2. 

Magneto Setting — Piston .03125 inch late, lever fully retarded. 

AUBUJiN. 

4-40 AND 4-41 — Firing Order 1 -3-4-2. 

Magneto Setting — Piston .03125 inch late, lever fully retarded. 

0-40 AND 6-45 — Firing Order 1 -1-2 -0-3-5. 

Magneto Setting — ^Piston top dead centre, lever fully retarded. 

BUTCK. 

B 24, 25, 36, 37 and 38 — Firing Order 1-.3-4-2. 

Dclco — With timer cam fully retarded, spark occurs 40 degrees past 
flipper dead centre on firing stroke. With hand spark lever half-way ad- 
vanced, spark occurs at approximately top dead centre. 

B 55 — Firing Order 1-4-2-0-3-5. 

Delco — Piston dead centre with timer fully retarded. 

♦ 
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CASE. 

25 R AND 35 S — Fikino Order 1-3-4-2. 

Magneto Setting — One thirty-second inch before top dead centre. 

40 0 — Firing Order 1-3-4-2. 

Msgneto Setting — One-sixteenth inch after top dead centre. 

CHALMERS. 

24 — Firing Order 1_4-2-0-3-5. 

Magneto Setting — One and one-lmlf inches past centre, lever fully re- 
tarded. 

CHANDLER. 

Six — Firing Order 1-5-3-6-2-4. 

Magn#*to Setting — Piston dead centre, lever fully retarded. 

COLE. 

Four — Firing Order 1-3 -4-2. 

Six — Firing Order 1-5-3-11-2-4. 

Delco — Piston dead centre, distributor fully retarded. 

CONTINENTAL. 

27 — Firing Order 1 -3-4-2. 

Magneto Setting — ^'riiree- quarter inch after dead centre on flywheel, 

GLIDE. 

30 AND 30 — Firing Oudsjb 1-3-4-2. 

Westinghoiise — Piston top dead centre. 

GRANT. 

M — Firing Order 1 -3-4-2. 

Magneto Setting — Lever fully advanced, piston .3125 inch before top 
dead centre. 

" HAYNES, 

28 — Firing Order 1_3-4-2. 

Magneto Sotting — One sixty -fourth inch advanced on down stroke. 

20 AND 27 — Firing Order 1-4 -2-0-3 -3. 

Setting— One sixty-foiifth inch advanced on down stroke. 
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HUDSON. 

6-40 AND C-54 — Firinq Order 1-5-3-6-2-4. 
llUPMOKfLE. 

32— Kibing Order 1_2-4-3. 

Magneto Setting — Piston dead centre, lever fully retarded. 

IJIPKKIAL. 

34 F 11, 32 .VXD 31 4 M— l''iuixn Orokb 1-2-4-3. 

54 ANij 44-fl — Firing Ordiou l_-5-3-ri_2-4. 

Magneto Setting — Points break Avitli piston on dead centre. 

I X'l'KR-STATK 
45 — Kirin(; Order 1--5-3-G-2-4. 


JACKSON. 

Majestic am) Olympic — Fikini:* Order 1-3-4-2. 

Magneto Setting — Piston .125 incli before top centre. 

iSn.TANi.c — F iring Order 1-5-3-0-‘2-4. 

Magneto Setting — I’iston .125 iiieli before top centre. 

J.RFP'KKY. 

03 — Firing Order 1 - 13 - 4 - 2 . 

00 — Firing Order l.-4-2-(i-3-5. 

Magneto Setting — Piston <leacl centre, lever fully retarded. 

KKFTON. 

1" — Firing Order 1-5- 3 -0-2-4. 

Magneto Setting — Points break 6.5 degrees before, centre. 

KING. 

B — Firing Order 1-3-4-2. 

Magneto Setting — Points break with lever fully retarded from centre 
o .5 inch past on flywheel. 

KNOX. 

44 AND 45 — Ftbing Order 1-3-4- 2. 

Magneto Setting — ^Piston .75 inch before top centre, lever fully re- 
•arded. Battery, piston .375 inch before top centre. 
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KRTT. 

L — Firing Order 1 -3-4-2. 

Magneto Setting — Piston .125 iiu*h before top dead centre, lever fully 
retarded. 

LEWIS. 

Six — F using Order 1-5-3-6-2-4. 

Magneto Setting — Piston top dead centre, lever fully retarded. Full 
advance equals .234375 inch of piston stroke. 

LOCOMOBILE. 

48 LD AND PO, 38 PD and LD— Fikino Order 1-5-3-6-2-4. 
MrtgiK'io Sol ting — Tliree-t.‘igldlis lo .1.375 ini'h before top dead centre, 
lever fully advanced. 

LOZIER. 

Foils — F iring Order 1 -3-1-2. 

7 7 - -1 " I R 1 .N u Order 1 -4-2-0-.3 -5 . 

Magneto Sv'tting— Piston dead ceiilro, lover fully retarded. 

LYONS- rCNICITT. 

1\4 — Firing Order 1- 3-4-2. 

Magneto has six-inch range on 2()-iiich flywheel from one inch past centre 
to five inches before. 

.MAXWELL. 

25-4 AND 35-4 — FiBi.vG Order 1-3-4-2. 

50-6 — Firing Order 1_4-2-6-3-6. 

Magneto Setting — Points break with piston on dead centre, lever fully 
retarded. 

MOLTNE-KNIGHT. 

26-50 — Firing Order 1-3-4-2. 

Magneto Setting — Piston top dead centre. 

MOON. 

42 — Firing Order — 1_3-4-2. 

0-50 — Firing Order 1-5-3-6-2-4. 

. IKelco — Spark breaks on centre in retarded position. 
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XATTONAL. 

40 — riRiNu Order 1-3-4-2. 

Magneto Setting — Piston .0023 inch past top ilcad centre, lever fully 
retarded. 

Six — Firing Order 1-5-3-G-2-4. 

Magneto Setting — Piston .125 incli before top dead centre, lever fully 
retarded. 

XOinVALK. 

C AND D — FuaNc: Order 1-1-2-0-3-5. 

Atwater Kent — ^Piston is .09.3 inch past centre with distributor set at 
retaril. 

OLDSMOBILK. 

54 — KiniNG Order l-5-3-(i-2-4. 

Delco — Spark occurs at piston dead centre witJi Isand spark lever fully 
' retarded or .390025 before dead centre witli ]ev(M- fully advanced. 

OVKRLANT). 

70 — Firing Order 1-3-4-2. 

Magneto Setting — One and one quarter inches after dead centre (fly- 
wheel), lever fully retarded, 

PACKARD. 

2-38 — Firing Order l-4-2-6-3-.'5. 

Magneto Setting— Piston .5 inch before top centre, lever fully advanced. 

PAIGE. 

25 AND 30 — Firing Order 1-3-4-2. 

Magneto Setting — Place Xo. 4 piston on top dead centre (Gompresaion 
stroke). Points should just begin to break. 

PIERCE- ARROW. 

Sixes — Firing Order 1-5-3-6-2-4. 

Magneto Setting — Magneto mark on flywheel should be 4.8125 inches 
ahead of 1 and 6 top centre and 1 showing in timing window. Piston is 
' .5 inch before top dead centre of 33 degrees of crank circle. Battery 
spark occurs with piston 2.125 inchea before top dead centre or 76 degrees 
of crank circle with spark lever fully advanced. 
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PILOT. 

60 — Fibing Obdeb 1-3-4-2. 

60 — Fibing Obdeb l-5--3-t)-2-4. 

Magneto Setting— Points break with lever fully retnrtled and piston on 
dead centre. 

POPE-HARTFORD. 

35 — Firing Obdeb 1-2-4-3. 

Magneto Setting — Piston top dead centre. Maxinnini advance of magneto 
.6 inch on piston travel. 

PREMIER. 

0-48 AND Weidely — Firing Obdeb 1-4-2-6-3-5. 

Magneto Setting — Piston dead centre, lever fully retarded. 

REGAL. 

C, T, N AND NC — Firing Order 1-2-4-3. 

Magneto Setting — Piston top dead centre, lover fully retarded. 


REO. 

iriFTii — F iring Order 1-3-4-2. 

Reiny System — Piston top dead centre when indexing button on distri* . 
bntOT engages. 

SAXOX. 

A — Firing Order 1-3-4-2. 

Atwater Kent — Piston dead ceulro, distributor fully retarded. 


SIMPLEX. 

3S AND 50 — Firinc! Order 1-3— 1-2. 

Magneto Setting — Piston .015625 inch before top dead centre. 
75 — Firing Order 1-3-4-2. 

Magneto Sotting — Piston dead centre or slightly after. 


. SPEEDWELL. 

.. H — Firing Order 1-5-3-6-2-4. 

Magneto Setting — Points break with piston at top dead centre. 

Rotary — Firing Order 1-5-3-6-2-4. 

Magneto Setting — One^sixteenth inch after top dead centre, lever fully 
retairded. , 
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STEAHNS-KNiailT. 

Four — Firing Order 1-2..4-3. 

Six— F iring Order 1-5-3-6-2-4. 

Magneto Setting — Piston top dead centre, points breaking. 

HTEVENS-PUKYFA. 

C 6 — Firing Order l-4-2-r)-3-5. 

Magneto Setting — Figure 1 showing in timing window, 25 decrees before 
top dead centre (flywheeU. 

STITOEHAKER. 

Foi'k — Firing Order I -3- 4-2. 

Six — Firing Order I-5-3-0-2-4. 

Reiny System — Spark occurs .75 inch after top dead centre. 

VFCLIE. 

5 AND 9 — Firing Ordek 1- 3-4-2. 

10 — Firing Order 1-3>3-G-2-4. 

Magiielo Setting — Piston lop dead centre. 

WINTON. 

Six — Firing Order 1-5_3_0-2-4. 

Magneto Setting — Piston .125 inch after lop dead centre, lever fully re- 
tarded and points breaking. 


Battery' System Hints. — that tho wires aro heavy enough 
to carry the current Jiiid that all the eonnectic us are kept clean 
and briglit as every corroded joint causes needless resistance. 

Inspect battery connections, etc., occasionally, as they have a 
habit of working loose. 

Look well to the ground connection, which should be very se- 
curely made and placed where it will not corrode. 

Be sure the battery, especially if dry cells are used, is where 
it cannot get w'ct, as the paste-board may absorb sufficient moisture 
to short circuit the, cells. 

See that all wires are securely fastened so that they cannot by 
any means rub or chafe against either wood or metal parts; espe- 
cially the secondary wires. 
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Frequently oxauiino the condition of the i>lugs, as plug trouble 
is often looked lor elsewJiere. 

Don’t allow the wires to bocotne water- or oil-soaked, as short 
circuiting will probably r(’sult. 

Don’t screw doAvn electrical eonneetions with the fingers, as a 
tight joint cannot lie nnuh*. T'se pliers. 

Don’t allow the storage battery to g»'t so j’ar discharged that 
it will not operate tlie coil. See that tlie vibrators are set as lightly 
as possible to nm the engine wilho\it skipping, otherwise they will 
waste current. 

Don't take it for granted yon have ignition trouble every time 
the engine stops. 

Don’t start out knoAving the battery to be nearly exliausted, 
as it may run all right to start Avith, but Avill probably go out. of 
business at a most inopportune time and jdace. 

Don’t adjust the coil vibrator for the biggest possible spark, 
as it wastes current. 

Don’t think the coil is no good if the vibrator’s do not buzz 
exactly alike. 

Don’t test storage batti*ries Avith .in ammeter unless they arc- 
charging or discharging. 

Don’t strain the coil by disconnecting the secondary wires com- 
pletely so that no spark cun jump, or by testing how far it will 
jump. ■ 

Don’t scrcAV or nail anything on to the coil box, as you may 
injure it. 

Don’t tolei’ale any loose wires or poorly made connections. Fix 
them at once. 
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MOTOli STATl'riNC^ AXl) TJCJTT'riNCJ SN'STKATS 

lA-adiiijr Motlio«ls Outliiic<l — ■^^eellarli<»al Slarlors — Piipiinifitie Starters — Pres- 
to-lite, Primer — l]leetric: Starter Forms — (ieiierator ami Starting Motors 
— Ocaerator Driving Aleanfi — Starting Clutehos ami Clearing — Switches 
and Cnrrent Controlling Devices — T>T:)ical Wiring Diagrams-— Delco Sys- 
tem — Bijiir — Jlartford, Anto-Lite — Gray &> Davis — Chalmers — Fntz — 
IJeniy — Faults iji Motors and Generators — ^^Paiilts in Wiring — ^'IVpical 
Lighting »Systems. 

of the jn’onounocMl dovolopmeiits of the last two or throe 
years has been the gcniornl atloplion of various startings means for 
setting the engine in motion witliont recourse to the usual form 
of liand crank. Soim^ of these motor starting systems merely re- 
place the usual hand crank willi some iTieans of turning tlie motor 
over without leaving the seal by i)urely mechanical connections. 
Others, on 1012 and 1013 models of a few ears, depend on air 
pressure, while the most po£>ular and generally ap£>lied forms to 
1016 model ears depend on electricity as a source of powfer for a 
small electric starting motor. Electric starting and lighting sys- 
tems have been made in many forms, though the basic principles 
of oiieration arc practically the same in all systems that can be 
grouped in several main classifications. It will not be possible* 
to describe all in a general treatise of this nature, but if the 
features of the leading systems are outlined it will not be difficult 
for the repairman to became familiar with the principle of other 
systems which may be slightly different only in points of minor 
detail. Before discussing the electrical starting means, it wdll be 
necessary to give brief consideration to the mechanical and pneu- 
matic starting systems w^hich have received some degree of prac- 
tical application and wdiich are still advertised in trade prints. 
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Mechanical Starters. — While different makes of cars have been 
marketed using air starting systems, there has been DO Car Offered 
with a mechanical starter, so wherever these are used they have 



Fig. 281, — Showing Construction of Mechanical Devices for Starting 
Gasoline Engine from the Operator’s Seat. 

been applied by the owner of the vehicle and not the manufacturer. 
Owing to the wide distribution of the Ford automobile, and the 
fact that the makers make no provision for a self -starting motor,*' 
various forms of simple starters by which the motor may be 
omnked from the seat have been offered. Two of these are shown 
-ajfe vthe tpp of Fig. 281. That at A consists of a ratchet clutch 
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which is attached to the starting end of the crankshaft and which 
is operated by means of chain connection with tlie smaller pulley 
of a two diameter pulley wheel. The larger wheel eacrics a wire 
imble which is altaclied to a straight rod running through the 
(lasliboard and terminating in a handle convenient to the drivers 
hand. A pull on the spade type handle provided at the end of 
the rod will move the ]>ulley wheel and produce a corresponding 
inovojiient ol* the starting ratchet which turns the engine crankshaft 
over in the same way as the hand crank does. A modification of 
tlie dovieo shown at A is outlined at B. This works on the same 
prinei[>le, excej)t that an odd-shaped member is used to turn over 
tlie engine crankshaft. Tliesc devices are in no sense of the word 
“s(‘lf-s1arters/' luit on light motor ears they provide an efTcclive 
subslitnte in that the engine may l)e turned ov(»r without undue 
<"xertiou and without leaving llie seat. Tliis is an advantage of 
some moment when th<» (*ngine stalls iji traffic, or under conditions 
where it would be iiK^onveiiient to get out of tlie car. 

Two types of meehanienl starters known as the Wilkinson ai*e 
•shown at the bottom of the illustration, Fig. 281. The one at D 
is operated by pulling a handle on the dash, llic one at C by a pedal 
d(*signed for foot actuation. The mechanism is such that the 
Ky wheel is puslu‘d ai*ound by a lever wlih'h will engage with either 
a stud or a shoulder on the flywheel. Tlie type at the left uses 
tlie studded flywlfliel, tliere being four of these marked “8.^' 
When the arm C is moved liy dej)ressing a pedal, the finger A 
contacts With one of the studs and turns the flywhiiol.g Return 
engagement is i)rodiiced by the large spring shown. In order to 
minimiz(» liability of injury from backfire, the AVilkinson device 
is constructed so that the pawl L) rises on the cam which bears 
against tlie collar E, and thus throws the finger out of engage- 
ment with the stud. One thrust of tlie pedal will turn the fly- 
wheel of a four-cylinder engine sufficiently to cause one cylinder 
to fire should ignition and carburetion and carburetion systems 
be functioning properly. The type at I) is just as simple, but is 
modified somewdiat in its construction. In this a hand lever is 
used to- rotate the flywheel, and instead of using studs on the 
flywheel rim, foiir shoulders in the interior periphery do the work. 





These shoulders Uiay be cast with the wheel, or in some cars it 
is possible to have lliein cut in the flywheel. The operation is the 
same as that of the type previously described as the movcmient of 
the cable causes tlie finger to engage with one of the shoulders, 
and thus turn the flywlieel. 

Tlie results obtained with any of these mechanical starters are 
not to be compared with that obtained from an electrical device 
which spins tlie motor much faster than normal hand-ci'anking 
speed, wliereas tlie mechanical starter produces a movement of not 
more than half a revolution of the flywheel. Various forms of 
spring-operated starters have been devised and jdaced on the mar- 
ket, but these have not been very popular on aceouiil of tlieii* 
bulk and lack of reliability. The ajnount of ]>ovver that can be 
stored in a spring is not great, and at the most the motor could 
only be turned over three or four revolutions. Tf the ignition or 
carburetion systems were not functioning just as they should be, 
it will be ai)parent that tlie spring wmild be unwound and in- 
capable of starting the motor. In order to turn the motor over it 
is necessary w'ith most of these startc'rs to rewind the spring with 
a hand crank ijrovided for the jiurpose. Tf the engine starts 
promptly the spring is rewound automatically by tlie engine, and 
as long as the engine starts without delay tlie start(T is available 
for use. Practically all of these devices re<iuirc special fittings, 
with the exception of those described for the Ford car, and as full 
instructions are furnished by their makers for application the 
repairing who is called upon to fit a mechanical starter may do 
so without trouble by following the instructions provided. 

Pneumatic Starters. — Three prominent makes of automobiles 
which have been marketed in fairly large numbers, namely the 
Winlon, Pierce-Arrow and Chalmers, have used pneumatic or air 
starters all of which have operated on exactly the same system. 
At the present time these cars are furnished with electrical starters 
of the conventional pattern. In case the repairman is called upon 
to repair one of the models equipped with an air starter, the 
w-riter believes it necessary to consider the arrangement of the 
parte, and the method of operation briefly before considering the 
of electrical starters. All the components of typical sys- 




Fig. 282,— Diagnun lowing Farts of Air Starting Systems Used on Some Early Models of Fierce-Arrow 

* AutomoMes. 
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terns, one of which was used on Piercc-Arrow cars, is shown at 
Pig. 282. It will be observed that an air pump of the four-cylin- 
der type was attached to the gear box and driven from the counter 
shaft of that meinber. This supplied air to an air reservoir or 
COntainoP attached ,to the chassis. This container communicated 
with the top of‘ an air distributor when a suitable control valve 
M^as open. An air pressure gauge is providcnl to enable one to 
ascertain tli(‘ air pressure available. Tlie top ot‘ each cylinder is 
piwdded with a check valve, through which air can flow onl}^ in 
one direction, i.c., from llie lank to the interior of the cylinder, 
lender explosive pressure tliese clieck valves close. The function of 



Fig. 283. — SiDme Important Components of Early ChalmerB Air Starting 

System. 
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^the distributor is practically the same as that of an ignition timer, 
its purpose being to distribute the air to the cylinders of the 
engine only in the proper firing order. All the while that the 
engine is running and tlie ear is in motion the air pump is func- 
tioning unless thrown out oE action by an easily manipulated 
i clutch control lever. AVhen it is desired to start the car a starting 
valve is opened which x^erinits the air to flow to the top of the 
distributor, and then through a j/ipci to the check valve. on toj) 
oE the cylinder about to explod(». As the air is going tlirough 
under considerable pressure it will move the pislon down just as 
the explosion would, and start Ibe engine rotating. Tlie inside of 
the distributor rotates and directs a ebarge of air to tht* cylinder 
next to fire. In tliis May llio engine is given a imnib(*r oE revo- 
lutions, and finally a charge oE gas will be igniled and the engine 
Vstart off on its cycle of oi)eration. One of the advantages of the 
air starter system is that a sonrct* of air is providtd for blowing 
up tires. 

The general arrangement of the Chalmers air starter M'as prac- 
tically the same as that depicted. Some of tlu‘ components were 
■ of different coiistrnction. Instead of being tlriven 1).y enclosed 
gearing the air pumx) was oix'rated tbrongli a silent cliaiu from 
the pump shaft, as shown in the upper left hand corner, Fig. 2S3. 
In this air pnnip the cylinders w^ere water jacketed in order to 
prevent overlieating. The constriictioi: of llie dash push valve is 
clearly shown at C. This member not only servos to admit air 
Tto the center of the distributor, but also o]Knis th»‘ cylinder start- 
ing valves to permit the air to flow into the cylinder. The start- 
ing valve construction is clearly shown at K, this consisting of a 
simple fitting adapti?d to be screwed into llui cylinders and com- 
^ municating with tli(3 interior of the combustion chamber. The bell 
crank X was used to depress the valve stem V, and thus provide 
communication between the air distributor and the combustion 
chamber interior. As the distributor w^as one of the important 
vparts of all air-starting systems, that used on the Chalmers cai: 
Vhen equipped wnth the air starter is shown at Fig. 284^ By re- 
ferring to tlie sectional view at the right of the illustration it will 
be apparent that its function is practically the same as that of a 
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primary timer or secondary distributor of a magneto, except that ' 
instead of distributing electrical energy a blast of air was directed 
to the cylinders in the proper firing order. The rotating distributor 
disc is provided with one slot which registers consecutively with 
the openings to which the pipes running to the various cylinders 
were fastened. About the only trouble with an air-starling sys- 
tem was faulty check valve action or leaks in the pipe line oi’ 
distributor wliich permitted the escape of air. If no air pressure 
was supplied to the tank the pump was at fault. This may be 
easily determined on inspection; the same troubles should be looked 
for as described for the air pressure pump sometimes used in con- 
nection with the pressure system of fuel supply. 



Fig. 284. — Showing Construction of Distributing Mechanism Employed 
with Air Starting System. 


Pres-to-lite Primer. — Where a car is equipped with a Pres- ' 
tevlite gas tank it is possible to secure easy starting by hand crank- 
ing, and even to run the engine on acetylene gas in an emergency 
if the gasoline supply fails by using a simple priming fitting shown 
at Fig. 285. The outfit consists of an automatic reducing valve ^ 
attached-to the gas tank, a pipe line running to the dash, and a 
valve so mounted that acetylene gas may be admitted into 
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tlie inlet manifold through a i)ii)e running from the pxish valve 
to the intake member. As shown at A, a simple lever is rigged up 
•so the push button may be operated from the front of the car,. 
At B the push button is worked by the foot. The arrangement of 
the parts is clearly shoAvn in the view at the bottom of the illus- 
tration, It is said tliat a properly charged gas tank will run a 
25 II. P. motor froin ten to twelve miles if the gasoline supply 
should fail. The reason the acetylene gas x)rovides (‘asy starting is 
that it is vi'ry inflammable and does not need hi be A^apdrized as 
the liquid fuel does. The gas primer is of spre*!.;] value when 
used in eonneelioii with meehanieal starters ol* various kinds. Be- 
fore depressing the push button it is necessary to o])en the main 
shnt-ofT valve incorporated with the j)nsh button assembly on the 
dash. ^J’his })ermits the gas ft) flow from the automatic pressure 
regulator to th<} body of the device where tlie push button valve 
]>rovides access Avith the pii)C running to the intake manifold. 
Obviously this priming system can be used onlj^' Avitli cars equipped 
Aviili a gas tank. On the modern electrically lighted and started 
cars the gas tank Avill be unnecessary, and is not apt to be used. 
However, tlie gas tank Avould prol)ably be a])])lie(l for lighting 
purposes on cars oquipi)cd witli air starters, and on these models 
it would be of partieular advantage inasnineli as the teiidenc'.y 
of the air current passing to the cylinders is to retard i>rompt 
vaporization of the fuel sucked in from tlie carbu.etor, the rich 
acetylene gas Avould provide a rich mixture, and would enable the 
engine to rdn for a long enough period to xierinit the explosion 
to heat lip the cylinders enough so the gasoline would Amporize 
promptly. 

Electric Starter Forms. — Electric lightijig. cranking and igni- 
tion systems for motor cars are of such recent dev(dopmont that 
it is not posKsible to describe all systems used for this purpose. 
Not only do the individual systems vary in detail, but tlie com- 
ponents of the same system are often of different construction when 
used on cars of different makes. The standard equiximent must 
include three component jiarts, namely, the generator which is 
driven by the engine and Avbich produces electric current to keep 
the storage battery charged, and the starting motor AA^hich is in 






Fig. 285i — Showing Method of Utilizing Pres-to-Iite Oas Tank to Facili- 
tate Starting the Automobile Power Plant. 


mechanical connection with tJie engine and in electrical connec- 
tion with the storage battery when it is desired to turn the engine 
over for starting. If the motor and generator are combined in 
one instrument the starting system is known as a one unit type. 
If the motor is one appliance and the generator another, the sys- 
te^ is said to be a two unit system. Each of these has advantages, 
an3 both forms have, dinnon-stra ted tliat they arc thoroughly prac- 
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tical. In addition to the three main items enumerated, various 
accessories such as switches, ammeters, connectors, wiring, pro- 
tective circuit breakers, automatic current regulators, etc., are 
necessary for the convenient distribution and control of the elec- 
tric euiTcnt. The arrangement of the parts of a typical one unit 
system in which the motor-generator is used (mly for starting and 
lighting is shown at Fig. 286. This shows the location of the 



Fig. 286. — Side View of Typical Automobile Showing Application of 
Entz One Unit Starting and Lighting System. 


various parts in their relation to tlio other components of the 
motor ear. The motor generator is mounted at the side of the 
engine, and is driven by the magneto drive shaft when used as a 
generator, and serves to drive the engine through this means when 
it is used as a motor. The ignition current is supplied from in- 
dependent source, a iiigh tension magneto. The starting switch 
and that controlling the lighting system are placed on the dash, 
while the storage battery is carried under the floor of tlie tonneau. 
This system, which is knowm as the Entz, will be described more 
in detail in proper sequence. * 

The elements of a one unit system are shown in diagram form 
at the left of Fig. 287. It will be observed that the armature car- 
ries two commutators, one of which is used when the armature is 
driven by the engine and when the device serves as a'Wrrent 
generator, the other being employed when the operating conditions 
are reversed and the electrical machine is acting as a motor to turn 
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over the engine crailkslialt. When the device IS driven as a gen- 
erator the small sliding pinion on the short end of the shaft is 
out of engagement M-ith the spur gear cut on the flywheel ex- 
terior. When it is desired to start the engine tlie spur gear- is 
meshed with the inein1)er cut on the flywhetd and the current 
from the storage battery is directed to the windings of the electric 
machine whidi becomes a motor and which turns over the engine 
oraiiksliaft. AVh<*n the device is working as a generator the cur- 
rent that is developed goes to tlie storage battery, and from that 
member to the various current consuming units. 

Sometimes the motor a!id generator ^re combined in one casing 
and the system so provided is erroneously called a *‘one unit’* 



rig. 287, — ^Diagram Defining Application of One and Two Unit Motor 

Starting Systems. 


system. This construction is shown at the right of Fig. 287. In 
reality such a system is a two unit system, because the electrical 
machines are uni-fuiictional instead of performing a dual function 
as does the combined-motor-generator at the right of the illus- 
tration. The wdring is showm in simplified form and should be 
easily followed by any repairman. The parts of a two unit start- 
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ing and Ugliting s^stoiii are sliowii at Fig. 288. This system is 
sometimes called a “three unit’’ system, on account of having a 
source of indt'poulent (‘nrreiit supply for ignition purposes. As 
will be observed, the generator is driven from the motor crank- 
shaft by silent cljain eonneetions, one of the terminals i)assiug 
through tlie cut-out dovie(^ and to tiio storage battery, the other 
terminal running directly to the storage battery terminal- having 
a short by-pass or sliuiit wire attached to the. cut-out. All the time 
that the engine is running Die generator is delivering (Oectricity 
to the storage' l)atlGry. 

It will be observed that tlu' storage battery is also coupled to 
the lighting circuits wliieli arc shown in a group at the right of 



Fig. 288. — Diagram Showing Components of Three Unit Starting, Light- 
ing and Ignition Systems. 


the illustration, and to the electric starting motor as indicated. 
One of the storage battery terminals is joined directly to the switch 
terminal by a suitable conductor, the other goes to one of the 
terminals on the starting motor, while the remaining terminal of 
j the starting motor goes to the switch. In this system, when the 
small sliding pinion is meshed with the flywheel gear, the switch 
is thrown on simultaneously, and the current that flows from the 
storage battery through the windings of the starting motor rotates 
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the engine crankshaft by means of reduction gears shown. As soon 
as the engine starts the foot is released and a spring pulls the 
switch out of contact, and also disengages the sliding pinion from 
the flywheel gear. 

The a(?tual appearance of a motor fitted With a tWO Ullit motor 
starting and lighting system is shown at Fig. 289. It will be 



rig. 289. — ^Method of Attaching Starting Motor and Generator of Typical 
Three Unit System on Six Cylinder Engine. 


observed that the generator is driven from the pumpsliaft exten- 
sion by a leather universal joint, while tlie starting motor is mounted 
at^the back end of the crankshaft in such a position that the 
concealed sliding pinion may be brought into engagement with the 
flywlieel driving gear. The interlock between the starting switch 
and the pinion shifting means is also clearly shown. Electrical 
starting systems may he operated on either six- or twelve-volt 
current, the former being generally favored because the six-volt 
lamps use heavier filaments than those of high voltage, and are 
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^iOt so likely to break due to vibration. It is also easier to install 
a six-volt battery, as tliis is the standard voltage that has been 
used for many years for ignition and electric lighting purposes 
before the starting motors were applied. 

In referring to a system as a one nriit system of lighting, 
i starting and ignition, one means tliat all of these functions are 
incorporated in one device, as in llie Delco syaiein described in tlic 
chapter on ignition. If one unit is used for generating the light- 
ing and starting current, and also is reversible to act as a motor, 
but a separate ignition means is i>rovided such as a high tension 
magneto, the system is called a ‘^two unit’’ system. The same 
designation ax>pli<‘S to a system Avhcri the current generating and 
ignition functions are i)erformed by one appliance, and where a 
separate starting motor is used. The three unit system is that in 
H'which a magneto is employed for ignition, a generator for supply- 
ing the lighting and starting current, and a motor for turning 
over the engine crankshaft. Before describing the individual sys- 
tems it w'ould bo well to review briefly the various components 
common to all systems. 

The generator, as is apparent from its name, is utilized for 
producing current. This is usually a miniature dynamo patterned 
largely after those that have received vviihi applieation for gener- 
ating current for electric lighting of our homes and factories. 
The generators of tlie diflVrent systems vary in construction. Some 
have a permanent magnetic field, while others have an excited field. 
^In the former case permanent horseshoe magnets are used as in 
a magneto. In the other construction the field magnets, as well 
as the armature, are wound with coils of wire. In all cases the 
dynamo or generator should be mechanically driven from the 
engine crankshaft either by means of a direct drive, by silent 
chain, or through the medium of the timing or magneto operating 
gears. Belts are apt to slip and are not reliable. 

All the current produced by the generator and not utilized by 
the various current consuming units such as the lamps, ignition 
^system, electric horn, etc., is accumulated or stored in the storage 
battery, and kept in reserve for starting or lighting when the 
engine is not running or for lighting and ignition when the car 
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is being run at such low speed that the generator is not supplying 
current. Storage batteries used in starting systems must be of 
special design in ol der to stand the high discharge and to perforin 
efficiently under tlic severe vibration and operating conditions in- 
cidental to automobile service. The storage battery may be in- 
stalled on the running board of the automobile, under the body/ 
or under the front or rear seat, the location depending uiion the 
design of the car and the degree of accessibility desired. The 
best practice is to set the storage battery in a substantial carrying 
case held by rigid braces attached to the frame side and cross 
niembei'S. If the battery should he set under the tonneau floor 
boards, a door must be provided in these to give ready access to 
the battery. 

The starting motor, wliieli takes the place of the common hand 
crank, is ojierated by current from the storage battery, and the*' 
high speed armature rotation is reduced to the proper cranking 
s])eed by reduction gears of the ditferent forms to be described in 
prof)cr sequence. The construction of the .starting motor is prac- 
tically the same as that of the dynamo, and it operates on the same 
principle, except that one instrument is a ri'versal of the other. * 

In order to secure automatic operation of a ligliting and start- 
ing system several mechanical and electrical controls are needed, 
these including the circuit breaker, the governor, which may be 
either mechanical or electTical, and the operating switches. The 
circuit breaker is a device to retain current in the storage battery 
under such conditions that the battery current is stronger than that**: 
delivered from the generator. If no circuit breaker was provided 
the storage battery could discharge back through the generator 
winding. The circuit breaker is sometimes called a ‘‘cutout.” 
The circuit breaker is usually operated by an electro magnet, and 
may be located either on the generator itself or any other con- 
venient place on the car, though in many cases the circuit breakers 
are usuallj" mounted on the back of the dashboard. This device 
is absolutely automatic in action and requires but little attention. 

The governors are intended to prevent an excessive output of'"' 
current from the generator when the engine runs at extremely 
hifeh speed. Two types are used: one mechanical, operated by 
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oentrifugal force, and llie othtT clcctlical. TllC foniier IS USUally 
a friction drive niecliaiiisni moujited on liie generator shaft which 
automatically limits tlio speed of the dynamo armature to a defi- 
nite predetermined number of revolutions par minute. Tlie maxi- 
mum current output is thus held to llic required amount inde- 
pendently of the si)eed at whieli the ear is being driven. The 
use of this device minimizes the possil)ilily of overheating the gen- 
erator overeluirgii'g the battery at high car si>e(*ds. The electrical 
sj'stem of governing does not aflVct the speed of tlie armature, but 
(‘ontrols tlie output of the giuierator by means of armature reae- 
lion and a reversed series field winding. The governors usually 
permit a maximum gruierator oiitjuit of from ten to Iwtdve am- 
]»eres, though the normal charging current is less than this figure. 

In praetieally all s\ stems an ampereimder is mounted on the 
(iash so lliat it can be readily inspecteil by the driv<'r, this indi- 
('ating at all times tli(3 amount of eurreiit being jii’odiieed by the 
dynamo or drawn from tlie batt(Ty. If tlu' indieating needle of 
the ampcrem<'t('r jioints to the left of the zero i)oint on the scale, 
it means that the battery is furnishing current to the lights or 
other current consniiiing units or discharging. Wlien the needle 
points to the otlier side of the scale, it means that the generator 
is delivering current to the battery whicli is charging it, the amount 
of charge or discharge at any time can be read from the scale on 
the face of the amperemeter. Some of these instruments have the 
words “charge’’ and “discharge” under the scale in order to 
enable the operator to road the instrument coiT( ?tly. 

Another important element is the lighting switch, wdiich is 
usually mounted at some point within convenient reach of the 
car driver. This is often jilaced on an instrument board on the 
back of the cowl in connection with other registering instruments. 
As ordinarily constructed, the switches are made up of a number 
of units, and the wiring is such that the head, side and tail lampa 
may be controlled independently of each other. For simplicity 
and convenience of installation, the switch is usually arranged 
so that all circuits are wired to parallel connecting members or 
“busbars” placed at the rear of the switch. In some cars, as the 
Overland 80 model, the switch units are placed on the steering 




Fig. 290 Showing Construction of Tsrpical Oenerators and Starting 

Motors 
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column. As but little current passes through the lighting switch 
the contacts are not heavy in construction as are those of the 
starting switch. 

The function of the starting switch is to permit the current to 
flow from tlie storage battery to the starting motor, when it is 
necessary to start the car. It is arranged usually so as to be 
readily operated by the foot and is nearly always installed at 
some convenient .position on the toe board of the car.' As we 
have previously shown, tlie starling switch is often interlocked 
with the starting motor gearing so that the operation of engaging 
the gear with the flywheel ami of turning on the current to the 
starling motor are accomplished simultaneously. The lighting and 
motor starting wiring systems are indep(‘mh‘ni of eaeli other, and 
may be easily found as that used to convey tlie higli amperage 
starting current is of heavy round single conductor cable, while 
the lighting wiring is usually a light multiple strand cable. In 
order to prevent chafing and depreciation of tlie insulation the 
wiring is often protected by conduits of a flexible metal tubing, 
and the terminals arc extremely heavy and well adapted to resist 
the vibration which is unavoidable in automobiles. 

Generators and Starting Motors. — lissentially there is not 
much difference in construction between a starting motor and a 
generator as the principles upon wdiieh they operate are prac- 
tically the same. A machine that is capable of delivering current 
in one dirfeetion when driven by mcclianical power will produce 
mechanical energy if electrical current is passed ’hrough the wind- 
ing in a reverse direction. The construction of typical starting 
motors and generators may be readily understood if one refers 
to the illustrations at Pig. 290. That at A is one form of the 
Gray & Davis governed dynamo, which is of the limited armature 
speed type. The powder is directed to the driving member of a 
friction clutch -whicli turns the generator armature by means uf 
friction contact with a disc attached to but slidably mounted on 
the armature shaft. This plate is held in contact by a coil spring. 
A pair of hinged governor arms are attached to the driven clutch 
plate, while the other ends are attached to a rotating spider mem- 
ber fastened on the dynamo armature sliaft. When the speed in- 
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creases Ixyoncl .i gUcii point tin* go\eriior wdglits out, clue to 
ceutrifugal f(^rec, and reduce the amount ol irictional adhesion 
between the dutch membeis in proportion as the armature shaft 



Tig. 291 — ^The Disco Two Unit Outfit Having Motor and Generator 
Mounted in Common Carrying Case, the Motor Being Placed Above 
the Generator ^ 
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epccd augments, until the point is roaehod where there is no 

frictional contact between the parts of the clutch and the driving 
plate is turning at engine speed, while the driven member that 
imparts motion to the armature is gradually slowing down and 
permitting the tension of the coil spring to overcome that force 
produced by rapid rotation, and to bring the discs in contact again 
for just a sufficient length of time to enable tlie armature to 
maintain its rated speed even if the engine is running faster than 
normal. 

A typical starting motor, which is of the Uushmore design, 
is shown at IJ. As will be evident, this is practically the same in 
construction as the generator shown above it, as far as essentials 
are concerned, except that no governor is provided and the arma' 
turc shaft is fitted with a small spur pinion designed to engage 
with the spur g<‘ar on the engine llywhetil. No mechanical inter- 
connection is necessary bctweim the drive ])inioa and the elec- 
trical starting switch. As soon as the current flows through the 
armature of the motor it will move that member laterally and 
automatically engage the pinion of the flywheel gear. z\s soon 
as a starting switch is released, a coil spring will push the start- 
ing motor armature back again in the position sliowm in the illus- 
tration, and thus automatically bring tiie pinion out of mesh with 
the flywheel gear. In order to obtain a sliding feature this motor 
armature shaft is mounted on plain bearings instead of ball bear- 
ings, which are standard c(iuii)ment on x)raetically all machines of 
this nature. 

The device outlined at Fig. 290, C, shows the construction fol- 
lowed when the ignition function is combined wntli a current gen- 
erator and starting device having the three functions performed 
by one instrument. The general construction is the same as in 
the device previously outlined. The drive- shaft of the device is 
adapted to bo attached to the engine by direct mechanical means. 
When the device is used as a current geiu^ator, the armature is 
driven by the shaft, whereas if the device is used as a. motor the 
armature, drives the shaft A through a iflanelary reduction gearing 
and roller clutch. Kegardless of whether the device is used as a 
motor or generator* the distributor for ignition purposes is driven 
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in the same direction, and at the proper speed to insure ignition 
as it is driven directly from shaft A, which turns at crankshaft 
speed. 

An example of a double deck combined instrument in which the 
generator is carried in the lower portion of the casing and the 
starting motor at the upper part is clearly shown at Fig. 291. The 
view at A shows the external appearance while the partial section 

at B makes clear the arrangement of the reduction gearing and 

roller clutch. This type is meeting with favor because it is 
mounted easily, and also on account of the simple mechanical con- 
nection to the engine. While the two units arc electrically sepa- 
rate, i.e., each having its own field and armature, it may be con- 
sidered as one unit mechanically. The double deck instrument 
shown is designed for api>lication to the side o£ a gasoline engine 
connecting by chain or gearing to the i)uinp or magneto drive 
shaft. It should be noted that this chain or gear is the only con- 
nection between the machine and the engine, and tliat it is used 
not only for transmitting the engine energy to the generator, but 
also acts to transmit the power from the starting motor to turn 
the engine crankshaft when it is desired to start the power plant. 
It will be apparent that in a combined instrument of this type 
that it is necessary to have a fairly low gear ratio between the 
motor and the engine in order to reduce the high speed of the 
motor armature rotation to a speed low enough to turn over 
the engine crankshaft. At the other hand, once the power plant , 
is started tlie generator armature must turn at a slower speed 
than that of a starting motor, and if it is run from the pump 
shaft or magneto drive shaft it wdll turn fast enough to gener- 
ate the proper quantity of electricity. The starting motor, how- 
tver, must be geared down in order tliat it may exert the start- 
ing torque through the high leverage furnished by the reduction 
gear. The motor occupies the upper position as shown at B, 
Pig. 291, and carries a pinion P keyed to the end of its armature 
shaft M. This pinion transmits the drive to an intermediate shafts 
S, which in turn drives the large gear forming the outer casing of 
an overrunning roller clutch R. The inner or driven member 
of this clutch is mounted rigidly on the armature shaft Q of the 
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generator and carries the drive tlirougli to tlie outer chain gear C 
when cranking the engine. As soon as the engine explodes and the 
speed runs above that represejited by tlie starting motor at the 
roller clutch the latter conies automatically out of action, thus per- 
iiiittijig the generator to obtain its po^^er in the normal wa}" through 



Fig. 292. — Method of Driving Gray Sc Davis Generator by Silent Chain 
from ISngine Crankshaft. 


the chain wiieol C attaolied to the dynamo sliaft G. The motor 
armature above conics to rest as soon as t!ie starting switch is re- 
leased. The generator of this d(‘\ioe lias its output (unitrolled by 
a combination of armature reactions and a bucking coil, while the 
battery i.s protected iV(mi discliargiiig back through the gen(Ta[tor 
by a simple magnetic contact breaker or cut-out. 
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Oenerator Driving Methods. — When electric lighting was first 
applied to automobiles it was not considered necessary to drive the 
generators by positive connection, and the early devices were fur- 
nished with pulleys- for flat or V belt drive. At the present time it 
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i Fig. 293. — ^Diagram Showing Methods of Transmitting Power of Starting 
Motor to Power Plant, Also Simplified Diagram Showing Intercon- 
nected Starting Switch and Motor Starting Gear. 

is considered highly important to provide a positive mechanical 
connection that will not slip botw'een the generator and the engine 
crankshaft. The common systems where the generator is a sepa^' 
rate unit from the starting motor and in tliose forms wdiere the 
starting and generating functions are combinod, involve a connec- 
^tion with the motor crankshaft through some form of gearing. As 
will ])e a|>])arcnt in F^ig. 289, Ihe generator is driven by means of 
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universal joint connections with an extension of the pump shaft. 
The motor crankshaft imparts its power through the camshaft tim- 
ing gear to the small pinion utilized in driving the water pump. 
In the generator application shown at Pig. 292 the armature is ro- 
tated by silent cliain connection with a gear on the motor crank- 
shaft. There is not the (iiversity of drives for the generator as 
there is in the methods of connecting the starting motor to the 
end of the crankshaft. 

Starting Gearing and Clutches. — In order to show the variety 
of driving means used in connecting the starling motor to the work 
of turning over the engine crankshaft, the leading systems have 
been grouped in one illustration at the top of Pig. 293. Starting 
from the front of the motor, the first method shown is by means 
qi. a worm gear initial or primary reduction and chain connection 
from the worm-driven shaft to the motor crankshaft. In some cars 
the worm reduction is used having the starting motor mounted at 
the side of the change speed gear box instead of attached to the 
motor crankshaft. The reduction in speed may be by means of the 
t spur gears and chain, as shown at A-2, or by a chain to a shaft con- 
nected with the timing gear, as in A-3. The method at A-4 is a very 
popular one, including a reduction to an intermediate shaft, which 
carries a sliding pinion designed to engage the gear on the flywheel 
rim. The method at A-;! is used with the Rush more starter, the 
pinion being brouglit into direct engagement with the gear on the 
ipywheel by the axial movement of the armature when the current 
is supplied to the field winding. The method at i\-6 permits of 
attaching the starting motor securely to the frame side member at 
a point near the gear box, where it will be out of the way and not 
interfere with the accessibility of the power plant. When mounted 
in this manner the.drive is by a double universally jointed shaft to 
a small silent chain sprocket, which connects to a much larger 
member attached to the engine flywheel or crankshaft. 

The complete system shown at Pig. 293, B, is the most popular 
•♦f all that have been used. This sliows tlie application of the start- 
ing motor, outlined at A-4. The mechanical interlock between the 
sliding pinion on the iiitermediatc shaft and the starting switch 
m clearly shown. Before the pinion engages the gear on the fly- 
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Fig. 294.~Method of Mounting starting Motor Having Speed Beduction 
^tiirougb Worm Gears and Boiler Chains. 
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wheel rim the switch makes contact, but owing to the resistance in- 
terposed in circuit the motor will turn slowly to permit of more 
ready engagement of tlie sliding pinion. As soon as the pinion is 
fully engaged with the large gear the resistance is cut out and the 
^niotor draws wliat current it needs from tlie storage battery, this 
being enough to produce llie torque necessary to turn over the en- 
gine flywheel and tlie cranksliaft to wliich it is attached at such 
speed (IS will produce i)ronipt starting. 

The actual ai)plieation of Ihe system, shown at A-1, Fig. 293, is 
outlined at (J, h'ig. 294. It will be observed that the starting mo- 
tor is altaehed to tiui side of the engine in a vertical position and 
that it drives the intermediate shaft by means of fx worm on the 
motor armature, which engages with a worm g(*ar on the interme- 
^diate shaft, wliieh also carries the driving sprocket, as shown at B. 
A further n'duelion in speed is obtained owing to the difference 
ill size of the small si)rockot on the. intermediate shaft and that at- 
tached to the clutehing member normally revolving free on the mo- 
tor crankshaft. Tt will he soon that the motor armature is sup- 
, ported on ball bearings, and that one of these, backing the worm, 
is a double row form caj)abl(‘ of sustaining both the end thrust 
and radial load imposed by the driving worm. In order to resist 
the end thrust on the worm gearing snecessEully a ball thrust bear- 
ing is used, as shown at B. When it is desired to start the motor 
the clutch actuator, which is showm in the diagram at A, is pushed 
^ in until it engages the ratchet teeth cut on tlui face of the large 
sprocket. When the sprocket turns it must turn the engine crank- 
shaft in the same direction, but just as soon as the engine runs 
faster than the large sprocket the clutching action will be released 
automatically by the ratchet teeth being thrown out of engage- 
ment. If it is necessary to start the engine by means of a hand 
crank this may be done by inserting tlie starting crank in the start- 
ing ratchet provided on the extreme end of the crankshaft. The 
large sprocket is normally free and the engine crankshaft turns 
without producing a corresponding movement of the sprocket mem- 
ber. The general arrangement of the parts is so clearly shown 
that no further description will be necessary. 

The construction of a typical overrunning clutch is clearly 
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Bhofm at Fig. 295. The electric starting motor is secured to <1 
base on the crankcase of the gasoline engine and the motor power 
is imparted through the medium of the small gear F carried by the 
armature shaft. This drives gear E, which turns at a lower speed 
on account of being larger, and that in turn engages with gear D, 
which is still larger in diameter. The small pinion C, which tumV 
much slower than the motor pinion F, meshes with the large gear 



Fig. 295. — Defining Construction of Typical Boiler Clutch. f 


B attached to the clutcti body. The use of this gearing provides a 
reduction of 40 to 1', which means that gear F must make 40 revo- 
lutions to one of the clutch body. ^ 

The ratchet or driven member of the overrunning clutch L is 
pinned to the engine crankshaft and revolves with it when the mo- 
tor is operating, rotating inside of the gear B, having a bearing at 
K and turning in the direction of the arrow. The member L has 
three flat surfaces, M, cut at an angle to the inside of the gear B?' 
On each of these a hardened steel roller. A, is hj^ld inside of the 
gear by a light spring and against the flat surface of the member 
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L. The roller travels with the clutch and runs free against the 
side of the gear B when the engine is in motion and when the start- 
ing gears are idle. As soon as the current is directed to the elec- 
tric starting motor, the three rollers are bound between the clutch 
body and the ratchet member carrying them and the crankshaft is 
driven until such time as the engine speed increases sufficiently to 
overrun that of the member attached to the cranksiiaft. 



Fig. 296 . — Sbowlng Interconuection between Starting Switch and Inter- 
mediate Pinion of Delco System. 

Overrunning clutches arc not necessary in those systems in 
which the gears are moved into engagement, as in that shown at 
Fig. 296. In this the starting switch and the double shifting mem- 
ber, 6II, are mechanically interconnected so that the starting 
switch will not be completely engaged until gearing is in mesh. The 
larger gear H of the sliding members meshes with that on the arma- 
ture shaft, mvhile the smaller of the pair, G, meshes with the fly- 
wheel. The arrangement of the parts outlined is used on the Cole 
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car. In the Hartford starting motor, wliich is shown at Pig 297, A, 
tlie clutch is of the friction type and is engaged automatically 
when the energy is passed through the motor w’inding to produce 
movement of the engine craiikslmft. The reduction betw'ecn tl)e 



rig. 297. — The Hartford Starting Motor Employing Worm Gear 
Beduction at A, Ward-Leonard Conlblnatlon at B. 
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starting motor and the crankshaft is made by a worm and worm 
g(;ar. WIicji tlie switcli pedal is depressed and the switch blades 
go into contact the same movement fn'odnces pressure on the end 
of tile lev(»p attached to 11 R, which transmits a strong pull on the 
fri('tiori elulcli and tlius connects the motor to tlie starting gear. 
Till! Ward Leonard combination is shown at Fig. 297, IL In this 
Ihc motor is carried above the geruTalor, and but qpe driving gear 
is ne(‘ded to Ojicrate bolli tlie generator and to enable the starting 
motor to turn over the engine crankshaft. The speed reduction is 
hy an intermediate gear shaft, the general operation being the same 
as that of the Disco starter, pn^vionsly described. 

Switches and Current Controlling Devices. — The various 
methods of operating the startijig switch, which may ho intercon- 
nected with till) gearing to turn the crankshaft, arc shown at Fig. 
299. All of tlie inetliods of aetuating the electric self-starter may 
be grouped into three main classes: one, by baud lever; two, by 
pedals, and three, by sroui-aiitomatic means. The method at A is 
used on some Paige-Detroit cars, a hand lever, A, attached to the 
ste(*ring column being used to make the mechanical interconnection 
between the clutch pedal and the starting gear mechanism. In or- 
der to safegufird the gearing of the starter the electrical connection 
cannot be effected until this mechanical iuterconiiection is made. 
After the hand lever is thrown over in the i)roper position, de- 
pressing the cluteh pedal suffices to permit the eleetrical connection 
to be made and the gasoline engine started. In the ITiipinohile 
control, which is shown at B, a small auxiliary Dver S is used to 
put the starter into gear. The view at D sho\\s a small pedal 
which is employed to make the starting connection. This is tlie most 
popular system, especially when jicdal is connected witli the cur- 
rent-controlling switch, so that the full amount of current will not 
flow to the motor until the reduction gearing is completely engaged. 

An example of the semi-automatic method which is used on the 
cars employing the Eiitz starter, namely, the Franklin, Chalmers 
and White, is shown at C. To put the starter in operation it is 
only necessary to move the handle H on the dashboard or other 
convenient position, where it may be readily reached with the 
hand or foot. This method is called the semi-automatic, because 
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the starter operates all the time until the gasoline engine is stopped 
by short circuiting the ignition. The first step is to throw the han- 
dle to the ignition point, and after clcfsing the ignition switch, it is 
moved in the same direction until the storage battery has been con- 
nected to the starter generator. It is not necessary to touch the 
handle again until one desires to stop the engine, as moving the 
handle to the other extreme of its operating quadrant first opens 
the connection between the storage battery and the motor generator 
and then interrupts the ignition. With this starting system, if the 
motor should be stalled for any reason or slow down below its nor- 
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mal cranking speed the starting motor-generator unit automati- 
cally changes from a generator to a motor and turns the gasoline 
engine crankshaft, making it practically impossible to stall the 
engine with tliis type of starter. 

^ Owing to the Isirge amount of current starting switches must 
carry, they are made much heavier in construction than lighting 
switches. They must be mechanically strong and the contact areas 
be sufficiently large to pass a current of from 40 to 200 amperes, 
depending uj)on the voltage of the starting system and the size of 
the engine to be turned over. If the contact points w^ere not of 
large area they would be very s^)on burnt. Tliere are two types of 
starting switclies in common use, one has only a single contact and 
is used on those systems in wliieh tlie motor is connecLed at once 
idireotly to tlie l)ath*iy terminal. The other type of switch ha,s two 
sets of contacts, the first one completing a circuit through a re- 
sistance, the second one cutting out this resistance and permitting 
the maximum (Mirrent to flow-. The Gray & Davis laminated switch, 
shown at Pig. 300, A, is a two-contact form. A movement of the 
switch actuator first engages the bladi‘S witli the contacts K E, then 
the arched contact piece L makes a cmniection with the ])ioces C C 
to allow the maximum eurrent to pass. With tlie switch shown at 
D, which is also of Gray & Davis manufacture, tliere are no start- 
ing gears, and tlie only necessary operation is to direct the current 
directly from the battery into the starting mol or winding. Tht 
^switch is set in the floor boards of tlie car and is operated by the 
push rod P, which terminates with a button. The contacts C and 
O are circular in form and tiieir free ends are turned aw-ay from 
each other so they may slip doAvii over the members R and S, which 
are set in the insulating piece B. As soon as the pressure of the 
foot is released a spring returns the ijush button P and the electric 
circuit is broken. 

The switch used on some of tlie Delco systems is show^n at C. 
In the latest form the motor generator has two independent wind- 
^ings, both on the field and the armature. If the current from the 
battery is directed into the generator end the machine acts as a 
shunt motor and the armature rotates at a moderate speed. If the 
^ starting gearing will not mesh immediately when brought together 
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a starting buttoji on tlie dashboard enables the operator to pass the 

■current llirougli tlie generator winding, this causing the armature 

to turn over and fachlitating nie,sliing of tlie gearing. The main 
•starting switch has only two points. In tlie off position the starter 



Fig. 299. — Conventional Method of Engaging Starting Gearing. 

ds connected directly to the battery terminal. An auxiliary contact 
■on the starting switch breaks the circuit through the generator end 
and stops the current flowing when the device is used as a starting 
motor. A heavy copper bar is moved across the face of the con- 
tacts B, E and the switch normally connects E and F, a feature 
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which is necessary because of the dual functions of the combined 

motor generator. AVlien tlie copper bar is moved to the left con- 
tacts B and F are l)r()Uf^lit into full electrical connection with one 
another and the entire baltery current then flows to the motor. The 
contact pieces arc molded into a piece of insulating? material. The- 
contact bar is pn^ssed against tliein by means of si)rings. 



Chav & IHu' Ri'Iion biAHTim. 



Fig. 300. — Showing Constiuction of Typical Motor Starting Switches. 

Another form of laminated spring switch, wliich is known as the^ 
harpoon type, is shown at B. Tliis is of Ward Leonard design. It 
is designed for use wdtli a starter having flywheel gear drive, there- 
fore it i^rovides two contact points. The first contact with resist- 
ance in circuit is secured wlien the fingers C contact or make con- 
nection with the pings E and F. Further movement of the switch 
short circuits the resistance by closing the main laminated con- 
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tig. 801. — Sectional View, Showing Construction of High Capacity Stor- 
aige Battecx Intended for Use With Motor Starting and Idglitlng 
Systems. ^ 

tacts M M. Those allow for considerable latitude of movement. 
The entire switch is built up on a piece of slate as a base and the 
resistance coils of wire are placed in the back of this?' base piece".'* 
The switches shown may be considered representative design, 
though the construction varies with practically everj’^ starting sys- 
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tem. The writer is indebted to the Horsele^ Age for the illustra- 
tions at Figs. 21)9 and 300, 

Typical Wiring Diagrams, Delco System. — The various com- 
ponents of the Delco starling, lighting and ignition system have 
been outlined in the preceding cliapter on ignition. A wiring dia- 
gram of the Dclco-Olds system is shown at the top of Fig. 302 for 
those with a sufficient knowledge of electricity to be able to trace 
the various wires. All of the iiniLs are sliovvn in diagram form, but 

the operation of the system may Ix' easily understood if the descrip- 
tion that has been previously given is studie<l in connection Avith 
the diagram. The ignition system will draw its current either from 
a five-ccTl dry battery or from the storage battery. The function 
of tlie ignition relay has b(»en previously described. It will be ob- 
served that this system 0])erates on the one wire method, all con- 
nections for return of curn iit to the siorage battery and the various 
units being made by tbe motor car frame. Tbo broken lines indi- 
cate a ground connection, Avhiic the full lines <lesignate wdres. 
Considering the .starling connections first, it will be apparent that 
one of the terminals of the storage battery is grounded to the framCj. 
whereas. tlie other is joined to one of the tc^rminals of the starting 
SAvitch. The other lerminal of the starling switch is joined to the 
windings of the motor generator, whicli makes that device act as 
a motor to turn tlie engine crankshaft. Th^e return from the mo- 
tor windings to the storage battery is by means of a grounded re- 
turn AA'irc. With the SA\'iteh in the position shown, the starting 
windings are not connected A\dth the storage battery, but the gen- 
erator w’iiulings are. One of the geu(?rator terminals is joined di- 
rectly to the frame. The other passes through the cutout relay 
and through the voltage regulator, botli of which* have been pre- 
viously described. Six of the terminals on the distributor head, 
wdiich are for ignition, are joined to the spark plugs. The remain* 
ing terminal, which is in the center of the group, is joined to the 
secondary terminal of the ignition coil. The circuit through the 
secondary is completed through a grounding wire, which is in elec- 
trical contact with the grounded bodies of the spark plug. The 
insulated terminals of the spark plug are joined to the six terminals 
on the distributor head. The primary winding of the ignition coil 
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is joined to tlio circuit breaker tliroiigli one terminal, this, in turn 
passing through tlie dry battery to the ignition relay. The other 
terminal of the ignition coil is joined to the starting, lighting and 
ignition switch by a suitable conductor. 

The arrangement of this switch is such that the current may be 
supplied directly to the liead, side and tail lamps from the storage 
battery at all times that tlie switch circuit is closed. It is also pos- 
sible to draw tlie ignition current either from the six- volt storage 
battery or from the battery of dry cells. The only time that the 
storage battery current flows through the starting motor windings 
is when the starting switch closes the circuit between the storage 
battery and the motor. At all other times the starting switch mem- 
ber is in such a position that the generator windings are in action 
and that the current from the armature is being passed into the 
storage battery. 

Delco Motor Generator. — The motor generator which is located 
on the right side of the engine is the principal part of the Delco 
System, This consists essentially of a dynamo with two field wind- 
ings, and tw^o windings on the armature with two commutators and 
corresponding sets of brushes, in order that the machine may work 
both as a starting motor and as a gcjierator for charging the battery 
and supplying the lights, horn and ignition. The ignition appa- 
ratus is incorporated, in the forward end of the motor* generator. 
This in no way affects the W'Orking of the generator, it being 
mounted in this manner simply as a convenient and accessible 
mounting. 

The motor generator has three distinct fimotions to perform 
which are as follows: No. 1 — Motoring tin* Generator. No. 2 — 
Cranking the Engine. No. 3 — Generating Electrical Energy. 

Motoring the Generator. — Motoring the generator is accom- 
plished when the ignition button on the switch is pulled out. This 
allows current to conic from the storage battery through the am- 
meter on the combination switch, causing it to show a discharge. 
The first reading of the meter will be much more than the reading 
after the annature is turning freely. The current discharging 
through the ammeter during this operation is the current required 
to slowly revolve the armature and what is used for the ignition. 
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Fig. 303. — Wiring Diagram of Delco-Olds S 3 rstem in Nou-Technical Form. 
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Fig. 303A. — ^Views Showing Arrangement of Parts of Delco Number 68 
Motor-Generator. Note Double Commutator and Two Sets of Brushes. 

The ignition enrrcnt flows only wlien tho contacts are. closed, it being 
^an intermittent current. The niaximuni ignition current is obtained 
when the circuit is first closed and the resistance unit on the rear 
end of the coil is cold. The current at this time is approximately 
6 amperes, but soon decreases to approximately 3)/^ amperes. Then^ 
as the engine is running it further decreases until at 1,000 revolu- 
tions of the engine it is approximately 1 ampere. 
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This motoring of the generator is necessary in order that the 
starting gears may b** brought into inesli^ and should truiiblo be 
experienced in meshing these gears, do not try to force them, simply 
allow the starting pedal to come back, giving the gears time to 
cJiango their relative position. ^ 

Generator Clutch. — A. clicking sound will be heard during the 
motoring of tlie generator. This is caused by tlie overrunning of 
the clut(‘h ill the forward end of the generator which is show’U in 
view 1, PMg. 303 A. 

The iinrpose of the g(‘nera1or clutch is to allow the annatore to 
revolve at a higher specul tlian the ])mnp shaft during the cranking 
operation and permitting tin* pnmp shaft to drive the armature 
when tlie engine is running on its own power. A spiral gear is cut 
on tJie outer face of this elutcli for driving the distributor. This 
portion of the clutch is connected by an Oldham coupling to the 
pump shaft. There foj’e, its relation to the pump shaft is always 
the same and does not throw the ignition out of time during the 
cranking operation. This clutch receives lul)ri«ation from the oil 
that is contain(‘d in the front end of tln^ generator which is put in 
at 13 (view 1). This is to receive oil each week sufficient to bring 
tlie oil lip to tlie level of the oiler. The arraiigoincut of elutch parts 
is shown at Fig. 30313. 

Cranking Operation. — The cranking operation takes iilaee wdicn 
the starling pedal is fully clej^ressod. TJie stai’tiiig pedal brings the 
motor clutcli gears (view ]) into mesli and withdraws the pin P, 
(views ! and 2) allowing the motor brush switcli Id make contact 
on tlie motor commutator. At tlie same tiiiu the generator switch 
breaks contact. This cuts out the generator element during the 
cranking operation. Aa soon as the motor brush makes contact on 
the commutator a heavy current from the storage battery flows 
through the series field winding and the motor winding on the 
armature. This rotates the armature and performs the cranking 
operation. The cranking circuit is shown in the heavy lines on the., 
cii'cuit ‘diagram (Fig. 303J). This cranking operation requires a 
heavy current from the storage battery, and if the lights are on 
during the cranking operation, the heavy discharge from the bat- 
tery causes the voltage of the battery to decrease enough to caus»^ 
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the lights to grow dmi. This is noticed especially when the battery 
is nearly discharged ; also will be more apparent with a stiff motor 
or with a loose or poor connection in the battery circuit or a nearly 
discharged battery. It is on account of this heavy discharge current 
that the cranking should not be continued any longer than is neces- 
sary, although a fully charged battery will crank the engine for 
sevei-nl minutes. 

During the <'raiiking operation the? ammeter will show a dis- 
charge. This is the current that is used both in the shunt field 






Fig. 303B. — Generator Driving Clutch Only Transmits Power When 
Engine Speed Is Greater Than Armature Speed. 


winding and the ignition, current; the ignition current being an 
interraittent curreiii of comparatively low frequency wull cause the 
ammeter to vibrate during the cranking operation. If the lights 
are on the meter w ill show a heavier discharge. The main cranking 
ciiErciit is not conducted tlirougli the ammeter, as this is a very 
heavy current and it would be impossible to conduct tliis heavy cur- 
rent through the ammeter ajid still have an ammeter that is sensitive 
enough to indicate accurately the charging current and the current 
for lights and ignition. As soon as the engine fires tlie starting 
pedal should be released immediately, as the overrunning motor 
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clulcli is opuratiiifr from the time the engine fires nnlil the startinp: 
gofirs are out of mesh. . Since they operate at a very high speed, if 
they are liehl in mesh for any Icuiglli of time, tluu-e is enough friction 
in tills clnteli 1o cause* it to lieat and burn oul the lubricant. There 
is no necessity for holding the gears in mesh. 

Motor Clutch. — Tlie motor clutch operates between the flywheel 
and tlie armature jiinicui for the purpose of getting a suitable gear 
reduction helMoen the motor g(*iu*ralor and the flyvvlieel. It also 
prevents the armature fi-oni being driv(*n at an excessively liigli 
speed during the short lime the gt^ars are meshed after the engine 
is running on its own jmwer. This cup is ]ubricat(*d by the gn^asc 
cup A, showui in view 1, Fig. dOI^A. This forces grease through the 
hollow sliaft to th(‘ inside of the cluteh. This eiip should he given 
a turn or two esery wink. 

Generating Electrical Energy. — When the cranking operation 
is fiiiisluid the motor brush switch is raised olT the commutator by 
the j)in P when the starting pedal is released. This throws tlio 
starling motor out of action. As the motor brush is raised off the 
coinniutalor the generator switch makes contact and coin])1etcs the 
cliarging circuit. The armature is then driven by the cAtension of 
the immp shaft and the charging begins. At speeds above approxi- 
mately 7 miles per hour the generator voltage is higher than t)ie 
voltage of tlie storage hatter}^' which causes ciuTeiit to flow^ from 
llie generator winding through the armature in the charge direction 
. to the storage battery. As the speed in(*reas(;s np to approximately 
20 miles per hour this charging current increases, but at the higher 
speeds the charging current decreases. The cui ve, Fig. 303C, shows 
approximately the cliarging current that should be received for 
different speeds of the car. There will be slight variations from 
this due to temperature changes and conditions of the battery wdiich 
will amount to as much as from 2 to 3 amperes. The regulatioYi of 
the generator is explained in section 2. 

Lubrication. — There are five places to lubricate this Dclco Sys- 
tem. No. 1 — The greas?} cup for lubricating the motor clutch (D, 
view 1, Pig. 303A). No. 2 — Oiler for luliricating the generator 
clutch and forward armature bearing (B). No. 3 — The oil hole 
(C) for lubricating the bearing, s on the rear of the armature shaft 




Fig. 303C. — Curves Sbowing, Output of Delco Generator Number 68 at Various Engine Speeds. 
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This is exposed when the rear end cover is removed. This should 
receive oil once a w^ek. No. 4 — The oil hole in the distributor, at 
A, for lubricating^ the top bearing of the distributor shaft. This 
should receive oil once a week. No. 5 — This is the inside of the 
distributor head. Tliis should be lubricated with a small amount 


of vaseline, carefully applied tw'o or three times during the first 
2,000 miles running of the ear, after which it will require no atten- 
tion. This is to se^jure a burnished track for the rotor brush on 
the distributor head. This grease should be sparingly applied and 
the head wiped clean from dust and dirt. 

Method of Current Output Regulation. — The voltage regulator 
w’hich has been ])reviously described and which was used on the 
1914 and 1915 Delco Systems has been replaced by a system of 
*‘third brush excitation” in llic 1916 systems. Tliis has been very 
concisely described by tlic Delco engineers, and in order to make 
for accurate presentation of fact, the following descriptive matter 
is given in the same way as it appears in the Delco instruction books. 

There is really only one point in regard to the generating of 
electrical energy w hich is difficult to understand, and the best of 
scientists are at as much of a loss on this point as the average elec- 
trician. This one point caji be expressed in the one sentence which 
is as follows: 'Whenever the strength of the magnetic field or the 
amount of magnetism within a coil is changed an electro-motive 
force is induced or generated.” This is variously expressed, but 
can be resolved into the same sentence as originally given. One of 
the most common expressions is, “'Whenever an el ctrical conductor 
cuts the magnetic field or cuts magnetic lines of force an electro- 
motive force is induced.” In order to measure this electro-motive 
force, it is necessary to make connection fn)m each end of the con- 
ductor to a suitable meter, by doing this a coil would be formed. 
Therefore, this expression means nothing different from the original 


expression. On account of being more readily understood, this 
expression will be referred to in connection with the explanation of 


the action of the generator. 


The amount of the voltage that is induced (or generated) in any 


conductor or coil varies directly with tlie rate of the cutting of the 


magnetic lines ; e.g., if we have a generator in which the magnetic^ 
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field remains constant and t\\e generator prodnces 7 volts at 400 
K. V. M., the voltagje at 800 Ti. P. M. wonld l)e 14 volts, and it is on 
account of the variable speed of generators for automobile purposes 
that they must be equipped with some menus of regulation for 
holding the voltage very nearly constant. The regulation of this 
generator is hy Avhat is hnovjn as third brush excitation, the theory 
of whit'll is as follows : 

The motor genorntov consists essentially of an iron frame and a 
field coil with two windings for magnetizing tliis frame. The arma- 
ture, which is the revolving element, has wound in slots on its iron 
C()re a motor winding and a generator winding connected to corre- 
sponding commutators. Each commutator has a corresponding set 
of bnislies which are for the purpose of collecting curnuit from, 
or delivering current to the armature windings while the armature 
is revolving. 

1111011 cranking, current from the storage battery flows through 
the motor winding magnetizing the armature core. Tliis acting 
upon the magnetism of the frame causes the turning effort. When 
generating the voltage is induced in the generator winding and 
when the circuit is completed to the storage battery this causes the 
charging current to flow into the battery. The brushes are located 
on the commutator in such a iJosition that they collect the current 
while it is being generated in one direction. (The current flows one 
direction in a given coil while it is jiassing under one pole piece 
and in the otlier direction when, passing under the opposite pole 
piece.) AVhon the ignition button on the combination switch is first 
pulled out the current flows from the storage battery through the 
generator armature winding, also through the shunt field winding. 
This causes the motoring of the generator. After the engine is 
started and is running on its own power this current still has a 
tendency to flow in this direction, but is opposed by the voltage 
generated. At verj” low speeds a slight discharge is obtained. 
At approximately 7 miles per hour the generated voltage exceeds • 
that of the battery and charging commences. As the speed inoreases 
above this point the charging rate increases as sliown hy the curve 
(Pig. 303C). The regulation of this generator is effected by what 
is known as third brush excitation. 
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Since t\^e magnoAie field of tlie generator is prodneed by tbe 
current in tbe sbnut field winding it is evident that should the 
Nliunt field current d(^ei*(‘cise as the speed of the engine increases 
the rcgalcition would he idteeied, lu order to fully understand this 
explanation it must be borne in mind that a current of electricity 
always has a magnetic effect whether this is desirable or not. Ue- 
ferring to Fig. th(» theory of this regulation is as follows: 

The full roliiigo of Ihe geiierntor is obhu’jied from the large brushes 
markccV^'C’^and^^D.’’ 

AV h e n the magnetic 
Held from the pole 
j)ieees N and S is not 
(listurlied by any othej' 
ifi fill once each o*)il is 
!::e 11 (' ra ( in g n n i *‘o »*] 1 1 1 y 
as it passes under tbe 
])ole pieces. Tlie volt- 
age; from one oonniiu- 
tatov ])ar to the next 
one is practically uni- 
form around the coni- 
m u tator. Therefore, 
the voltage from bimsh 
C to brush E is about 
5 volts when the total 
voltage from brush C to brush D is volts and 5 volts is applied 
to the shunt field winding. This 5 volts is suffitient to cause ap> 
proximately amperes to flow in the shunt field winding. 

As the speed of the generator is increased the voltage increases, 
causing tJie current to be charged to the storage battery. This 
charging current flows through the armature winding, producing 
a magnetic effect in the direction of tlic arrow B. This magnetic 
<^ffcct acts upon the main magnetic field which is in the direction 
of the arrow A wdth the result that the magnetic field is twisted 
out of its original position in very much the same manner as two 
streams of water coming together are each deflected from their 
original directions. This deflection causes the magnetic field to be 





Fig. 303D. — Diagram Illustrating Function of 
Third Brush In Regulating Delco Gener- 
ator Output. 
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strong at the pole tips, marked G and F, and weak at the opposite^ 
pole tips with the result that the coils generate a ^ery low voltage 
while passing from the brush C to the brush E (the coils at this 
time are under the pole tips having a weak field) and generates a 
greater part of their voltage while passing from the brush E to D. 
The amount of this variation depends upon the speed that the*^ 
generator is driven ; with the result that the shunt field current 
decreases as the speed increases as shown in the curve. 

By this form of regulation it is possible to get a liigli charging 
rale between the speeds of 12 and 25 miles per liour, and it is with 
drivers whose average driving speed comes betw'pcui these limits 
that more trouble is experienced in keeping the l)attery charged. 
At the higlier speeds the charging current is decreased. The driver 
who drives his car at the higher speeds requires less current, as expe- 
rience has taught that this type of driver makes IVwer stoi)s irf 
proportion to the amount the car is driven than the slower driver. 

- The output of these generators can be increas«‘d or decreased by 
changing the position of the regulating brush. Each time the posi- 
tion of the brush is changed it is necessary to sandpaper the brush 
so that it fits the commutator. Otherwise the charging rate will be 
very low due to the poor contact of tlie brush. This should not bo 
attempted by any one except competent mechanics, and this charg- 
ing current should be carefully checked and in no case should the 
maximum current on this generator exceed 22 amperes. Also 
careful watcli should be kept on any machine on which the charging 
rate has been increased to see that tlie commutalor is not being 
overloaded. Considerable variation in the output of different gen- 
erators ^\ill be obtained from the cui^’e shown, as the output of the 
generator is affected by temperature and battery conditions. 

Condenser. — The condenser consists of two long strips of folded 
tinfoil insulated from each other by paraffined or oiled paper, and 
connected as shown in Fig. 303E. The condenser has the property 
of being able to hold a certain quantity of electrical ensrgy, and 
like the storage battery, will discharge this energy if there is any 
circuit between its terminal. As the distributor contacts open the " 
magnetism commences to die out of the iron core, this induces a 
Toltage in both the primary and secondary windings of the coil. 
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This induced voltage in the primary winding amounts to from 100 
to 125 volts. This charges the condenser which immediately dU< 
charges itself through the primary winding of the coil in the reverse 
direction frmn which the ignition current originally flows. This 
discharge of the condenser causes the iron core of the coil to be 
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rig. 303E. — ^Diagram Showing Intenal Wiring of Delco Ignition ColL 

r 

quickly demagnetized and remagnetized in the reverse direction, 
with the result that the change of magnetism within the secondary 
winding is very rapid, thus producing a high voltage in the second- 
ary winding which is necessary for ignition p urposes. In addition 
to rapidly demagnetizing the coil the condenser prevents spailring 
at the breaker contacts — ^thus it is evident that the action of the 
condenser can very seriously affect the amount of the spark from 
the secondary winding and the amount of sparking obtained «t the 
timer contacts. 

l^ition Coil. — This is sometimes mounted on top of the motor 
generator and is what is generally known as the ignition trans- 
former ooiL In addition to being a plain transformer coil it has 
incorporated in it a condenser (which is necessary for all high 
tenmon ignition systems) and has included on the rear end an 
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ignition resistance unit. The coil proper consists of a round core of 
a iiuraher of small iron wires. Wound around this and insulated 
from it is the primary winding. The circuit and arrangement of 
the different parts are shown in Pig. 303E. The primary current 
is supplied through the combination switch and resistance on th:* 
coil, through the primary winding, to the distributor contacts. This 
is very plainly shown on the circuit diagram, Pig. 303J. It is the 
interrupting of this primary current by the timer contacts togellicr 
with the action of the condenser which causes a rapid demagnetizn- 
lioitJof the ir(ui core of the coil that induces the high tension current 
in the secondary winding. Tliis secondary wunding consists of sev- 
eral thousand tiirns of very fine copper wire, the different Jj^yers ol* 
which are Avell insulated from each other and from the primary 
winding, one end of w’liich terminates at the high tension terminal 
about midway ou top of the coil. It is from this terminal that tlio 
high tension current is conducted to the distributor wdiere it is dis- 
tributed to the proper cylinders by the rotor shown in Pig. 303TT. 

Ignition Resistance Unit. — The ignition resistance unit wliich 
is shown in Pig. 303E is for the purpose of obtaining a more 
nearly uniform current tlirough the primary winding of the igni- 
tion coil at the lime the distributor contacts open. It consists of 
a number of turns of iron wire, the resistance of which is considci - 
ably more than the resistance of the primary winding of the ignition 
coil. If the ignition resistance unit was not in the circuit and the 
coil was so constructed as to give the proper spark at high speeds, 
the primary current at low speeds would be several times its nonnal 
value with serious results to the timer contacts. This is evident 
from the fact that the primary current is limited by the resistance 
of the coil and resistance unit by the impedence of the coil. (Im- 
pedenee is the choking effect which opposes any alternating or pul- 
sating current magnetizing tlie iron core.) The impedence increases 

the speed of the pulsations increase. At low speeds the resistance 

the unit increases, due to the slight increases of current heating 
the resistance wire. 

The Circuit Breaker. — The circuit breaker is mounted on the 
combination switch as shown in Fig, 303P. . Tins is a protective 
device which takes the place of a fuse block and fuses. It prevents 
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the discharging of the battery of damage to the switch or wiring 
to the lamps, in the event of any of the wires leacling to these 
becoming grounded. As long as the lamps are using the normal 
amount of current the circuit breaker is not aflfceted. Hut in tlu' 
event of any of the wires becoming grounded an abnormally heavy 



rig. S03F. — ^Views of Delco Combination Switch With Indicating Am- 
peremeter Combined. 


cui-rent i.s conducted Ihrougli the <*irenit breaker, tbns producing a 
strong magnetism wliich attracts Hie polo piece and opens tho con- 
tacts. This cuts off the flow of current which allows the contacts 
to close again and the operation is repeated, causing tho circuit 
breaker to pass an intermittent current and give forlli a vibrating 
sound. It requires 2.'i amperes to .start the cii-cnit breaker vibrating, 
but once vibrating a current of three to five amperes will cause 
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it to continue to operate. In case the circuit breaker vibrates re- 
peatedly, do not attempt to increase the tension of the spring, as 
the vibration is an indication of a ground in the system. Remove 
the ground and the vibration will stop. 

The Ammeter. — The ammeter on tlie right side of the combina- 
tion switch is to indicate the current that is going to or coming 
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Fig. 3030. — ^Vlew of Delco Combination Switch and Circuit Diagram 

for Same. 

from the storage battery, with the exception of the cranking current. 
Whgi the engine is not running and current is being used for lights, 
the ammeter show's the amount of current that is being used and the 
ammeter hand points to the discharge side, as the current is being 
discharged from the battery. When the engine is running above 
generating speeds and no current is being used for lights or horn, 
the ammeter will show cliarge. This is the amount of current that 
is beiiio t.l -‘rrn.j into tlic battery. If current is being used for 
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^lights, ignition and horn in excess of tlie- amount that is being gen- 
erated, the ammeter will show a discharge as the excess current 
must be discharged from the battery, but at all ordinary speeds the 
ammeter will read charge. The charging rale for different car 
speeds when no currtmt is being used for lights or horn, is given 
hri the curve, Fig. 303C. 

Construction of Delco Ignition Distributor. — It is well undor- 
ylood that a rich mixture burns quicker than a lean one. For this 
reason the engine will 
stand more advance 
with a Imlf open throt- 
tle than with a wide 
open throttle, and in 
order to secure the 
’^proper timing of the 
ignition due to these 
variations and to re- 
tard the spark for 
starting, idling and 
carburetor - adjusting, 
the Delco distributor 
also has a manual con- 
trol. The automatic 
feature of this distribu- 
tor is shown in Pig. 

303H. With the spark 
lever set at the running 
position on the steer- 
ing wheel (which is 
nearly all the way 
down on the quad- 
rant), the automatic 
feature gives the Fig. 303H. — Showing Construction of 1916 
proper spark for all Delco Distrihutor for Six Cylinder Igni- 
speeds excepting a Note Six Lobe Cam. 

wide open throttle at low speeds, at whicli lime the spark lever 
should be slijiiliilv retarded. When lljc ignili<’ii is loo far ad- 
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Fig. 3031. — Arrangement of Wiring of Delco-Oakland Starting, Lighting and Ignition System. 
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Vanced Jt causes loss of power and a knockirifj sound within the 
engine. With too late a spark there is a loss of power (w’^hich is 
usually not noticed excepting by an experienced driver or one very 
familiar with the car), and heating of the engine and excessive 
cojisnmption of fuel is the result. -The timer contacts shown at 
J> and (< (Fig. 30311) are two of the most important points of 
ail automobile. Very little attention will keep these in perfect con- 
dition. These are tungsten metal, wliieli is extremely hard and 
requires a very high temperature to molt. Under normal condi- 
tions they wear or burn very slightly and will A^ery seldom require 
attention ; but iu the event of abnormal voltage, sucli as would be 
obtained by running Avith the balh^ry removed, or with the ignition 
resistance unit shorted out, or witii a defective condenser, these con- 
tacts burn very rajiidly and in a short lime will cause serious igni- 
tion trouhh’. The car should not be ooerated Avitli the battery 
removed. 

It is a very easy matter to check the resistance unit by observing 
its lieating Avlien the ignition button is out and the contacts in the 
distributor are closed. If it is shorted out it will not heat up, and 
will cause missing at low spe^eds. A defective condenser such us 
will cause contact trouble will cause serious missing of the ignition 
Therefore, any one of these troubles arc comparatively easy ta 
locate and sliould be immediately remedied. Those contacts should 
be so adjusted that when the fiber block B is on top of one of the 
lobes of the cam the contacts are opened the thickness of the gauge 
on the distributor wrench. Adjust contacts by turning contact 
screw C and lock with nut N. The contacts should he dressed with 
fine emery cloth so that they meet squarely across the entire face. 
The rotor distributes the high tension current from the center of 
the distributor to the proper cylinder. Care must be taken to see 
that the distributor head is properly located, otherwise the rotor 
brush will not be in contact Avith the terminal at the time the spark 
occurs. 

^ Combination Switch. — The combination sAvitch is located on the 

coA^’l board and makes the necessary connections for ignition and 
lights. The button controls the magneto type ignition and' 
the button, the dry battery ignition. In addition to tliis both 
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the “M” and buttons control the circuit between the generator 
and storage battery. When the circuit between the generator and 
the storage battery is closed by either the ‘‘M'' or “B" button 
on the combination switch, the direction of flow of the current is 
from the battery to the generator when the engine is not running, 
as well as when it is running below 300 R. P. M. But the amount 
of current that flows from the battery at the lowest possible engine 
speeds is so .small that it is negligible. That used on Buick 1915 
cars is shown at Fig. 303G, the type supplied on 1916 cars is out 
lined at Fig. 303F. 

To Time the Ignition. — 1. Fully retard the spark lever. 2. 
Tnru the engine to mark on flywheel about one inch past dead 
center to the ‘‘7 degree” Hue, with No. 1 cylinder on the firing 
stroke. 3. Loosen screw' in center of timing mechanism and locate 
the proper lobe of the cam by turning \intil the button on the rotor 
comes under the high tension terminal for No. 1 cylinder. 4. Set 
this lobe of the cam so that when the hack lash in the distributor 
gears is rocked forward the timing contacts will be open, and w'hen 
the back lash is rocked backward the contacts WILL JUST CLOSE, 
Tighten screw and replace rotor and distributor head. 

Hints for Locating Trouble.^ — 1. If starter, lights and horn all 
fail, the trouble is in the storage battery or its connections, such 
as a loose or corroded connection or a broken battery jar. 2. If the 
lights, horn and ignition are all O. K., but the starter fails to crank, 
the trouble is in the motor generator, such as dirt or grease on the 
motor commutator, or the motor brush not dropping on the com- 
mutator. 3. If the starter fails to crank or cranks /ery slowly, and 
the lights go out or get very dim while cranking, it indicates a 
loose or corroded connection on the storage battery, or a nearly 
depleted storage battery. 4. If the motor fires properly on the 
“M” button, but not on the “B” button, the trouble must be in 
the wiring between the dry cells or the wires leading from the dry 
cells to the combination switch, or depleted dry cells. If the igni- 
tion works O. K. on the “B” button and not on the “M” button, 
the trouble must be in the leads running from the storage batterj' 
to tlie motor generator, or tlie lead ruuning from the rear terminal 
on the generator to the combination switch, or in the storage battery 


'srs 
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Fig. S03K. — Circuit Diagram of 1911) Delco-Buicfc Starting, Lighting and Ignition System. 
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itself, or its connection to the frame of the car. 5. If hotL systems 
of ignition fail, and tlje supply of current from both the storage 
battery and dry cells is 0. K., the trouble must be in the coil, 
resistance unit, timer contacts or condenser. This is apparent from 
the fact that these work in the same cai)acity for each system of 
ignition. 

Naver run the car with the sloraga halt erg disconnected, or 
while it is off the cai\ Very serious damage to the motor-generator 
mag result from such action. 

Never remove any electrical apparatus from the car or make 
aug adjustments without first disconnecting the storage hatterg. 
This can he done most conveniently by removing the ground con- 
nection. Nemcmbcr, a loose, corroded or dirty connection on the 
haiicrg can put both starling and lighting systems out of commis- 
sion, 

Bijur-Packard System. — The self-starling and lighting system, 
Fig. 302, used on the Packard, is majiiifactured by the Bijur Mo- 
tor Lighting Co. In this system the starting niotor and generator 
are separiite units. The starting circuit is simple, consisting of a 
motor connected directly to the battery and operatcnl by closing a 
starting switch. 

In the generator circuit the principal i)arts are: The generator; 
an automatic switch for breaking the circuit when the sj)eed of the 
generator becomes so low that the battery current would discharge 
through it, and a voltage regulator of the vibrator type. A study 
of the wiring diagram shows that the automati» switch has two 
coils, a voltage coil of high resistance connected across the wires 
leading to the batt(»ry and a current coil in scries with the genera- 
tor and battery. The action of this coil is such that as the arma- 
ture speed increases and the voltage becomes greater, the magnet- 
ism generated in this coil attracts a small steel arm, thus completing 
circuit between the battery and the generator. Current then flows 
to the battery and lights. 

On the other hand, as the speed of the generator decreases, its 
voltage becomes less and finally a point is reached where the cur- 
rent begins to flow back into the generator. This reversal of flow 
produces a magnetic field in the scries coil of the cutout which 
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opposes the fieW profluceJ by the voltage coil, until finally the at- 
traction of the Jattoi' for the steel arm that completes the circuit is 
entirely overcome and tiieu the arm, impelled by a spring, breaks 
contact. 

The voltage regulator operates on the vibrator principle, and is 
designed so that when the voltage becomes higher than the predeter- 
mined amount the vibrator throws a resistance into circuit that re- 
duces the amount of current flowing through the field. This di- 
minishes the voltage. When the voltage becomes too low, the vibra- 
tor flies back again and allows full current to pass through the field 
once more. The movement of this vibrator is extremely rapid, 
making about l.">0 oscillations per second, so that in actual prac- 
tice, no change in voltage, in one direction or the other, is noticeable. 

Now looking at the diagram, it is st^en that this regulator con- 
sists of a vibrating arm w'hieh is actuated by an electro-magnet con- 
nected across the mains running from the generator. When this 
arm is not attracted by the magnet, full field current is allowed to 
flow through wire A from one generator lead up through the shunt 
field to the other lead of the generator, thus full field strength is 
obtained and a ri.sing voltage is generated, which finally causes the 
magnet coil to pull this arm out of contact, thus breaking the cir- 
cuit. When this occurs, the current must flow to the field through 
the resistance B, and this resistance reduces the. flow of the current 
and weakens the field so that the generated voltage drops. This 
reduction in voltage causes a smaller current to flow through the 
magnet winding and then the attraction of the magnet weakens, 
allowing the arm to fly back, thus enabling full current to flow 
through the field again. This cycle is repeated 150 times a second. 
Special provision has been made so that the contact points on the 
regulator will not bum away. 

T^ere is nothing unusual in the wiring, which may be easily 
followed from the diagram. 

Hartford Starting System. — ^The wiring diagram at Fig. 304 
shows clearly the method of connecting the various appliances 
forming part of the Hartford starting and lighting system. This 
is a 12 volt, two wire starting system, with a connection so the 
lamps receive their current from the battery on the three wire aye- 



Hartford and Auto-Lite Systems 621 

tem. The two terminals of the geuerator are connected to the stor- 
age battery in the usual way, one directly to a terminal, the other 
through the automatic cutout. When the knife-switch is closed, the 
battery current flows through the motor windings and turns the 
jengino crankshaft. The connections are so clearly shown that 
further description is unnecessary. The speed of the generator 
armature is governed by the centrifugal governor, which is de- 
signed to keep it at 1200 revolutions per minute. The lighting 
switch is of the selective barrel type, having three positions of the 
handle, one of which will give tlie head and rear lamps, the inter- 
mediate position lighting the .side and rear, while the last position 
sends the current through all the lami)s. I'his switch is not shown 
in the diagram. 



Fig. 304. — ^Wiring Diagram of Hartford 12 Volt Starting System, Haying 
Three-Wire Method of Supplying Current to 6 Volt Xiamps. 

The Auto-Lite System. — The 1915 Overland ears use the Auto- 
Lite system, which is shown at Pig. 305, A. This is a six volt, three 
unit system, operating on the one wire principle. The ignition 
function is performed by an entirely distinct appliance from the 
starting and lighting systems, namely, a high tension magneto. 
Five wires run from this magneto, four of these running the spark 
plugs, one for interrupting the ignition through a fuse box to the 
controlling switch. The generator is driven from the motor crank- 
shaft by a silent chain. The starting motor, which has the switch 
mounted integrally, turns the engine crankshaft through a gear cut 
on the flywheel rim. One of the wires of the generator is grounded, 
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Fig. 305.— Complete Wiring Diagram of Starting and Lighting System 
Used on 1015 Overland Automobiles at A, Fart, Sectional View of 
Storage Battery at B, Design of Circuit Breaker Shown at C, £x- 
temal View of Generator at D, and Starting Motor Construction 
at B. 
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the remaining wire loading from that device runs through the cir- 
cuit breaker and from that member through the fuse box and 
switch to the storage battery. Tw^o wires run from the six volt 
l)attery, one of tliose terminating on a switch terminal of the start- 
ing motor "wliile llie other attaches to one of the motor terminals. 
Tlie remaining motor teruiinal is grounded. The various appli- 
ances comprising this system are all clearly shown, and the wiring 
may 1)(» easily traced from the various units through the fuse box 
and switch by careful study of the diagram. In order to simplify 
wu'ritig, tlie wires g(»ing to the sw’itch are all colored differently. 
Tins insures that they will be replaced on the proper terminals if 
removed. 

The s1orag(‘ baltery used with this system is sliown at Fig. 305, 
H. It is a special form, in which the Ihren cells arc placed end t(» 
end instead of side by side, making a long, narrow battery instead 
of the usual construction, w’hich is a] 4 )roximately square. The con- 
struction of the circuit break(»r is slunvn at C, the contact points, 
wliicli are the only ])arls needing attrition, being clearly outlined. 
The geiu‘rator, which is a very simple device, is shown (it B, the 
points recpjiring lubrication, and the removable plates for inspec- 
tion of the brushes are clearly depicted. The starting motor is 
shown at E, tin* pinion w^hicli engages th(‘ gear on the flywdieel is 
showji mounted on the armature shaft, and the cover, which nor- 
mally covers the l)rush end of the motor, is reniovi cl in order to 
show’ the method of reaching the motor brushes Avlnni l!n*se members 
need attention. 

Gray & Davis System. — The starting and ligiiling eiiuipmeut 
used on the Model 7!), 1914 Overland, is tlic. Gray & Davis system, 
shown at h''ig. 306, and comprises three principal units: 

a — The generator whieh ])rodiiccs the eurreiit and delivers it to 
the lamps and storage battery. 

b — The* storage battery which accumulates the current thus gen- 
erated anil delivers it to the lighting system or the starting motor, 
as occasion demands. 

c — The starting motor, which receives current from the storage 
battery and revolves the engine whenever it is to be set in motion. 
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Fig. 306. — Wiring Diagram of Oyerland Gray & Davis Two Unit Starting and Lighting System. 
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Besides these tliree pi-ineipal uuits the system includes the fol- 
lowing auxiliary apparatus: 

(1 — All automatic* cMjlout, whose function is to disconnect the 
generator from the storage battery when the engine is stopped or 
i*unning below tlie speed at wliieh the generator’s voltage is high 
enough to charge llio battery. The cutout is located on the engine 
side f)f the dash. 

e — Tin* stalling switch, which is a pedal-button located in the 
flooi* board oi* th(‘ car convenient 1o ttie foot of tlie ojierator. 

f— Tlie aininel(‘r, whose purpose is to show whether the system 
is working properly or not. AVlieii the dynamo is running and 
sending ciiri’ent to the storage battery the ammeter hand will point 
to the rigid of zero or at ^‘charge.” When llie lights are burning 
or llie .stai*t(‘r motor is running, Ibis hand will point to llic left of 
zero or at “disehargi*,” thus indicating the rate at which current 
is going out of the storage battery. 

The speed of tlie genei'ator is controlled hy an automatic clutch 
that is so designed that, no matter Iioav fast the engine runs, tlie 
generator will not bo driven faster tliau a certain jiredetermined 
speed which corresponds to that at which the engine runs when 
driving tlie car at 12 miles per hour on high gear, but, of course, if 
the engine drojis below this speiMl the generator will also. This is 
done by means of a centrifugal governor wliich regulates the slip- 
pag(3 of the clutch so that the generator cannot be driven faster 
than tli(3 ])redetermim'd speed, the greater tin*, speed of the engine 
the more tlie clnteli slips. 

The current load is automatically taken car( of hy a compound 
winding on the generator. The starting motor is a series wound 
machine, that is, the entire armature current passes through the 
field. The motor is provided with an over-running elntch, which 
alhws it to drive the engine but automatically disengages when 
the engine starts so tliat the engine will not driven the motor. If 
such a device w^ere not fitted the generator might bo injured by the 
motor driving it at too high a speed. 

As already explained, the function of the automatic cutout is 
to disconnect the generator from the battery wiien the engine is 
stopped or turning so slowly that its voltage is below that of tlie 
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battery. Tf this outoiit were not i>roviilctl the storage battery would 
discharge back into the generator. 

The. cutout consists of an clectro-inagnet witli two 'windings. 
Otic is a shunt winding of many turns of fine Avire jind the other 
a series Avinding of a few turns of heavy Avire, both Avindings being 
over a. sofi ii’oii c(ire. The shunt AAuiidirig is porinaiiently connected 
across the positive and negative terminals of the generator, so that 
AA’lien the generator comes up to charging six'ed, this Avinding ener- 
gizes the magnet core and the magnet eor<* attracts a st(‘el arm that 
closes the eireuit between the gen(»Tator and the battery. 

So long as the entont juunts are closed the current must pass 
tlirough the s(*ries Avijuling of the ciitoul. This current adds its 
iiiagnetiziiig influence to that of the shunt Aviuding and holds the 
points together. Tlie eulout is designed so that it closes at a car^ 
speed of 12 miles p(T hour and opens at 10. 

If, now, the s]a‘ed (d* the gen(*rator droids Ixdow charging speed, 
the current 1n*gins to tlow through the eulout scri(‘s winding in the 
reverse direction. This Aveakens the, pidl and aJloAvs the points to 
fly apart, through the agene^'' of a vsprirjg. 

Noav that a g(*n(‘ral idea of the (lilfer^nt i)arts of the Gray & 
Davis system has been oblaiiied, the pjth of the current in the dif- 
fercu'jt wires Avill be ex[)laine(l. The illustration shows this sys- 
t(?m ^\ith a very complete e(|uipmeut. Jh\sldes tlu* usual head, side 
and tail lights, there are lullar lights, dome lights, a speedometer 
light and an electric horn connection. It will be noticed that the 
return cireuits are through tlic frame with the exccjdion of tiio 
connections b(dAveen the storage battery and the starting motor. 

First Ave will trace out the How of current Avhen the starting 
SAvitch is closed, this circuit being shown by tlic, heavy black lines. 
Current flows from the plus terminal of the storage battery out 
through Avirc A to the motor, Avhere it passes through tlie series 
field and tlic armature and from thence through the Avire T to the 
starting switcli and from thi*re through the wire C to the negative 
pole of the battery\ 

BeloAv 9 or 10 miles an hour or when the motor is at rest the 
cutout is open and therefore current for the lights must be fur- 
nished by the battery, and its patli is as follows : It runs out through 
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wiro A to 0310 lormiiinl of tbc* startiritr motor, it go»'s to tho 

frame through the ground Avire Z. Prom tliiaioe it runs to tho 
lamps. Prom the lamps the currtMit ])a.sses to tlio jiinotion switoh, 
where all the himp torrninnls an* eonurotod to tin* tei-minal.P, and 
from here the euiTont, llous through the seri«‘s tii*ld (^f the genera- 
tor and on out tlirough wire P 1<» a lei’iuinal on the eutout, and 
from llieiieo to the amimdor over liu* .sliort ^\il'e J]. l'''rom the am- 
meter it go(‘s via wire 1) to a hinding post on Hie slai’ting switeli, 
Prom wIHh'Ii it. eonneds \Aith lie* of Ini* { f tlu- hath'rv hv nire 

At or ovi'r 12 mih's per lioiir tlie t'oloiil et^ points ar(* closed 
as ju'''vi<»nsly di'seril)(*d. (hii‘rent is then sn ^plii'd to lla* storage 
]>a1ti'Ty ir it m'eds eharging and a]s« !i> iin\ lln- lamps that are in 
eireui!. 

If tlio h.‘itli*i*y needs I'ta'hareing il is oT n*.,,* h. he;,- the voltage 
of tin* ^eenei'ator and ilnn^fore eiin ■nt wil )v; (•> i( initil its volt- 
agi^ l)e('Oiuv‘s e(jUMl to thal of the generator, wln‘u the tlow will aiihi- 
niati('ally slop 1)e('a!is(* the eleelrieal ])re.ssni‘(‘ at the two points is 
the sann*. The current passes from tin* })osilive tei'iniiial of the 
generator througli wire (I io tin- series ('oil of tin* cutout and from 
tlienee tlirougli wire Y lo the friinie. Il flows througli the frame 
up through wire Z to one 1(‘rminal on the motor and from tiienee 
tlirough w’ire A t(» tlu* plus pole of tin* liattei'v. The return cireuit 
is through wires C and D to the ammeter and from thence tlirough 
wires K and P lan*k to tin* generator. Tlie flt)w of eiii’rent from the 
generator to the lam]>s is as follows: Through Avirt* (.1 aJid the series 
coil of the eiitont and wi»‘e Y to the I'rame. This ])art of Die cir- 
cuit is identical w’ith that lor charging the stoi ige hatt\*ry. Th(*n 
the current go(*s through tin* frame and ui> tlirough th.i* ground 
wires to the lamiis, from whence il passes to the lerinimds on the 
juiietion switch and on through wire P to the geiieratoi'. It will 
1)0 noted that the genei*alor and hatteiy eirenits to (he lamps ai’c 
■ iiidepi'ndent, so that should anything liappiui to tlnj battery, tlio 
liglits could 1)0 npe7’ah‘d by tin* goiierato]* alone. Diagrams of Gray 
& Davis 1015 systems will he found on folding plate, Pig. 307, in 
both non-teehnical and technical form. 

A number of parts comprising tho 1015 Gray & Davis starting 
system is shown at Pigs. 308 and 300. Tho eonstrnetiou of the 
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Gray *§ Davis Systems ” 629 

type Y motor used in eonncelion ^vith engines of the open flywheel 
type is clearly shown in tlie part sectional view at the top of the 
illustration. As the Gray & Davis systems may be had in either 
tlie one wire or two w’ire type, two forms of switch are provided. 
One of these, which is shown at B, Fig. 308, is used in a two wire 
system and has botli terminals insulated. This must be wired up as 
shown at E. The heavy leads from the storage battery are con- 
nected as indicated. One of the storage battery terminals is con- 
iiect(jd to the terminal on llie starting motor, wdiile the other start- 
ing motor terminal' wire goes to one of the insulated switch termi- 
nals. The otlier insulated switch terminal is connected directly to 
the remaining storage battery terminal. When used in connection 
Avitli the one wire system the starting switch has one terminal 
grounded, us shown at C. 

The approved arrangement of the starting switch is as depicted 
at the top of the illiisli’ation, in which the contact is not estab- 
lished until the sliding pinion has l)('en meshed with the gear of 
the flywheel. The construction of the overrunning clutch used with 
the Gray & Davis system is shown at D. This functions the same 
as the overrunning clutch previously described, the drive being se- 
cured between the member 4, wliich is keyed to the intermediate 
shaft, and the reduction gear 2, which is tiiriii*d by the motor pin- 
ion 1 through the medium of the clutch rolls 3. Light coil springs 
are employed to push plungers, designed to make more positive the 
engagement of the rolls of the overrunning clutch. 

The fuse block, which is an iraix)rtant adjunct of the one wire 
system, is combined at the rear of the lighting switch, as shown at 
A, Pig. 309. The function of the fuse is to ^'iirii out should an 
overload occur in an}" circuit due to damaged insulation. The 
fuses are readily renewable, these being sliown at D. The fuse con- 
sists of a glass lube, which contains a piece of fusible alloy wire 
‘ that joins two metal caps, these ca])S being used to establish con- 
tact with the clips on the sides of the coniieetors at the back of the 
switch. The fuses should be handled carefully, and in removing 
same for examination it is well to do this wdth a sharp piece of 
wood, which is used as a pi’y back of the fuse instead of attempting 
to remove them with pliers or a screw^driver, wdiich may break the 
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Fig. 309.— -Oeuerator and Battery Construction Used in Gray & Davis 
1915 Lighting and Starting System. 
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glass or otherwiso damngo the fuse. Au iinportaiit rKljiiuet to assist 
in loeatiiig tron))lo is a six volt lamp, such as shown at C. This is 
of material assistance in Iraeinff cimiits. 

The latest form of Cn-ay & Davis tlynnmo, which dispenses witli 
the mitrifujjal ijoveriior used on tlio other types illustrated, is 

shown at D, suppli(‘(l for direct <lrivc by an exiension of tlie timing 
gear slujft and for chain drive at M. The dynamo shown at 1) 
is provided witli g(‘aring to drive a timer di.^?tribntor for ignition 
puri)oses. The eiirrent siipt)ly is gr)veriird liy the regulator enl- 
out, Avhieh i)erf(Mmis two duties in the new systems. One, of those 
us to i'('gulat(‘ llie dynamo to soenre nnil'orm eurri'iit outjiiit, Avliih* 
ill the olliiu’ instanci‘ it (‘ornuets the dynamo into tin? system only 
Avh(‘n snilieieiil eiirreiil is generated to ('harge Ilu‘ halttU'v. Our- 
roTil 1 ‘eguhition is j>rovide(l l.'v shoii einoiiliiig or shnuling field re- 
sistaiH'f's or to insert. I In- field re'-islanee.s !»do llie field eireiiit. The 
<»hjeel. of the field resislaiier' is to relard die Mow of eurrent in those 
windings. 'When the dynamo is at i\st tlu* (*ntout points are opened 
and the regulator ])oints closed. As (he ^lynamo firsl sp(‘(‘ds np the 
regulator iioiiits remain (dosed and 1h(» field resistanee is short cir- 
cuited. Tills ]u‘runts the dynamo to build up its full fiidd strengtli. 
When the ])ro])(‘r v<Mtage is I’eaelied the cutout jxiints close, p(*rmir- 
tiiig eurrent to Mow tlirougli 1h<» seide.s winding to tlie system. As 
the dynamo sju^al increases beyond tliat necessary for full output, 
the pull of the shunt winding aUraels the regulator arniatun‘. 
This redue(.*s tlie iire.ssnn,' at the n^gulator iioints and inserts a rev 
sistaiicc into the, field circuit, this ]>reventing further increasii of 
output. The fre(jueucy with which the resistanee is ])ul into the 
circuit is iu proporiicai wifli the amount of spe ‘d A’ariation. The 
form of battery used with the Dray & Davis vSysteni is show'll in 
part section at D, Fig. 111)!). It docs not dilTer materially in struc- 
ture from lypes previously descrilx'd. 

Locating Troubles in Gray & Davis System. — Tn event of trou- 
ble with the Gray & Davis lighting system, tlu' makers recommend 
a careful study of the symptoms, which will usually provide a 
guide to find tlie component at fault. The indicator on the dash 
shows positively any failure of the generator or any break in the 
wiring. If the indicator docs not indicate ‘‘eliarge” when the en- 
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gine is speeded up l)ut shows “discharge/’ when lights are turned 
on and the engine at rest, the dynamo or current regulator is not 
working properly. A common trouble is the dynamo brushes not 
sliding freely in their holders. If tlie dynamo is driven by friction 
belt this may be too loose to drive the dynamo at proper speed. 
If the indicator does not indicate ^‘charge” with the engine speeded 
up and does not indicate “discharge’’ with the lights on and the 
engine at rest, one should look for an open circuit or loose con- 
nection in the battery wiring or for corrosion or looseness in the 
storage battery terminals. Sometimes the dynamo terminals may 
have loosened and imperfect contact exist at this point. Should the 
indicator show “discharge*” ynth the lights turned off and engine 
Qt rest (providing that the indicator pointer is not bent), the in- 
sulation on lamp wires may be injured, this permitting contact with 
the frame, causing a short circuit. If the indicator indicates 
''charge” with the engine at rest, it is a positive indication that the 
pointer is bent. 

If the charge indications are below normal with the engine run- 
ning, it may be on account of slipping of the driving belt if the 
dynamo is driven in that manner, or because of poor adjustment of 
the centrifugal governor, if that type of dynamo is used. If the 
ammeter “discharge” indications are above normal it is a sign 
that the lamp load is excessive or one of the lamp wires is in con- 
tact with the frame. When the indicator pointer jerks from one 
reading to another with engine running at constant speed on the 
discharge scale, it means cither a short circuit in the system or a 
loose terminal. If trouble is experienced from fuses burning out 
repeatedly, it is a sign that the lamp wires are in contact with the 
frame at some point or that one of the lamps is defective because 
of a short circuited filament. If the engine cranking speed is very 
low and this is not due to the engine being stiff, such as would be 
the case in cold weather or after the engine has been overhauled 
and bearings tightened, it may be considered a positive indication 
that the storage battery is almost discharged or that it is defective 
in Some way. If the starting motor does not rotate; the battery 
may be discharged, the starting switch may not be making good 
contact or a motor brush may not make good contact with the com- 
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mutator. There may be an open circuit in the battery wiring to 
the motor, or there may be a poor circuit or contact because of cor- 
roded battery terminals. If the starting motor rotates bat docs 
not crank the engine, it is a sign tliat the ovciTunning clutch does 
not work properly or that the starter pinion is not properly meshed 
with the flywheel gear. 

If the lamps will not light but the starter cranks the engine, 
this shows that the storage battery is in proper condition and that 
the trouble is due to burned out or broken lamp filament or de- 
fective lamp fuses. If the lamns burn brightly but fail to illumi- 
nate the road SUfliciciitly, the bulbs may be out of focus in respect 
to the parabolic reflector of the lamp or the lamp supports may be 
bent in such a way that the rays of light may be directed too far 
iipw'ards. IE the lamps burn dimly or not at all and it is difiBeult 
to crank the engine with the starting motor, this means a weak or 
discharged storage battery. In addition to this, the lamps may be 
old and have blackened insides, the system might be slightly short 
circuited, or considerable resistance may be present, due to loose or 
dirty connections. If the lamps blacken or burn out cpaickly they 
are not of the proper quality if they are six volt lamps, and not of 
the proper voltage if other than six volt lamps. There is one ex- 
ception to this rule, and that is the bulb.s of the tail lump and dash 
light, which are tliree volt lamps wlicn these two are wired together 
in series. Burning out of the lamps may be caused by the regula- 
tor not working properly, and if this is the case the lamps will 
burn out' at high engine speed. If the lamps flicker and the am- 
meter or indicator needle is unsteady, look for loose connections in 
the light wires, loose connections between battery and dynamo, 
loose contact at a lamp connector or lamp bulb, poor contact be- 
tween fuses and fuse clips, or an exposed ware touching the frame 
intermittently. 

If one suspects that the battery is discharged, its condition may 
be readily determined by using the test lamp, showm at C, Fig. 
309. The test lamp may also be used for locating short circuits 
OP open circuits. It is well to bear in mind that the lead terminals 
of the battery should be scraped clean and bright at the point where 
the lest lamp wires bear in order to insure a good clean contact. 
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If the test lamp burns briglitly it shows that there is current in 
tlie storage battery. To locate a short circuit the fuses are re- 
moved from llie rear of the switcli and the wire is disconnected 
from the negative battery terminal. Connect one of the test lamp 
terminals to tlie fj-ee battery terminal and touch the other test lamp 
wire to the frame of the car. The test lamp should light if good 
('('iitact is made, this indicating that the positive battery terminal is 
l)roperly conn<‘cted to the ground. Keep one test lamp wire in 
(‘oiiTaet with the negative terjninal and toueli the other wire to the 
ond of the battery wdro just disconneeted. If the test lamp lights 
it shows that a conductor or wire connected to tlie battery, lamps, 
liorn or starting motor is in contact with oi* grounded to the frame 
of the car. 

-Any wires having injiircMl insnlatioji should be wrapi)ed with 
electrical tape to prevent metallic contact between the conductor 
and the frame. Open circuits are best indicated by feeling of the 
wires whcu’c thciv fasten to .the terminals to niahe sure iJiat posi- 
tive contact is made and that the terminal binding nuts arc not 
loose. Short circuits may also he located if no t(‘st lami) is avail- 
able by following the vai’ioiis wires and if any of these are found in 
contact wdth the fraimi, it is a wise j>reeaiition to pull llnnn away 
and to wrap the section tliat was in contact with the frame thor- 
oughly with insulating tape. If one lamp flickers and the rest 
hum brightly, look for a poor connection betwTcn the lamp and the 
lamp connector, a loose terminal at the junction switch or a defec- 
tive fuse. If all lani])s flicker, look for loose connections in wiring 
bet ween battei^y and junction switch. When lam]) bulbs have been 
renewed in head lights it is sometimes nec(*s.sary to refocus the 
lamps. Head lights should not exceed 15 candle power, and should 
always he of the high effleiemey filament type. Cheap carbon fila- 
ment lamps will not only consume undue current but will not prove 
enduring. Tungsten filament lamps are best. 

Chalmers-Entz System. — This is used on the Chalmers Model 
26 and is shown at Fig. 310. It comprises a motor-generator, bat- 
tery, switch and rogulaling device. The feature of the installation 
is that'it prevents the gasoline engine from stalling, even when the 
car is in gear. For all normal driving the dash swntch is left in the 
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])Osition at the extreme right, or, in other words, the starting sys- 
tem is constantly connected with the motor. For constant driving 
at speeds in excess of 30 miles an hour the dash switch should be 
moved to the middle position in tlie slbt. In this position the igni- 
lion of the motor is still operative, but the generative portion of 
the starting system is cut out so that the battery no longer is being 
charged. When there is a tendency for the engine to stop the elec- 
tric motor automatically picks up and turns the engine over until 
proper firing occurs. 

When the dasli switch is thrown to the on position^ current flows 
from the battei-y to the motor-generator, whicli as a motor re- 
volves at about 100 r. p. m. As soon as tlie engines attains a speed 
of approximately 600 r. p. m., 6 to 8 miles per hour, car speed, 
the direction of the current, due to the way the switch is comiected 
to fields and armature is reversed and the electrical machine then 
becomes a generator, wdiich in turn charges tlie storage battery. 
In the illustration, showing the wiring of the Entz system, the volt- 
ages of the lamps ai’c show’ii. In the case of the head lights, the 
small bulbs incorjiorated are also show’ii. 

Remy Two-Armature Lighting and Starting System. — The 
electric starting motor and lighting generator on Series AA Na- 
tional cars is the Remy Model IdO six volt system. The electric 
machine employs tw’o separate armatures and two separate fields, 
the motor being superimposed upon the generator, although both 
are in one steel casting, making a neat, compact unit, familiarly 
dubbed a ^‘double decker.’’ The wiring diagram is shown at 
Fig. 311. 

The two armatures are connected together by a train of gears 
and an overrunning clutch, so tluit the gears and motor armature 
are in operation only when the starting switch is pressed. Incor- 
porating the rediietion gearing and overrunning clutch of the 
jstarting-generator unit in an oil bath, insures silent operation dur- 
ing starting, as external gears and the inesliing of the same are 
entirely eliminated. 

The unit has only one drive shaft and is connected to the en- 
gine by an Oldham coupling. This allows of quick and easy re- 
moval from the engine for inspection if nfecessary, although large 
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inspection plates aie provided on the unit itself, which is con- 
veniently and accessibly located on the engine. Although the frame 
for the two units is a steel casting, tlie magnetic circuits are on 
tirely independent, as may be seen from the illustration. The 
generator is shunt wound and is autojnatically 1‘egulated for con- 
stant (Mirrent by a vibrator, whieli is moimtod on tho same base 

with the relay or electric cutout. The function of tlie regulator is 
to keep the output of the generator eonstant reganlless of the 



Fig. 311. — Wiring Diagram of the Bemy-National Starting and Lighting 

System. 


speed of the engine. The relay is simply an electric switch w'hich 
opens and closes the circuit between the generator and battery auto< 
matically to prevent dissipation of battery current in the generator 
when the engine is at rest. 

The motor is of the conventional series type and is wound to 
withstand heavy overloads. Armatures, brush holders, fields, etc,, 
are built in accordance with standard electrical practice. The gen- 
erator windings are protected against injury by means of a fuse 
located on the relay-regulator base. Should the battery become 
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disconneetod either throiigli aeeideiit or nej^lcct, this fuse will burn, 
thus protecting generator and field against excessive voltage, which 
w'ould result if the field circuit were not opened. 

To start the engine the operator presses the starting switcli, 
which puts the motor armature into motion, engages the gearing 
and clutcJi, and turns the engine over. When the engine is run- 
ning under its ow’n i^ower the clutch and engine are automatically 
disengaged and the unit operates only as a generator. The lamp 
load of the car is carried by the gener»ator at about 12 miles per 
hour. As u ‘Hell-talc” aii indicator is employed, from wliicli tlie 

operator may determine whetlier the generator is w'orking prop- 
erly. A simple lighting switeJi is used for turning on any combina- 
tion of lamps. No side lamps are used, as tlie head lamps contain 
small independent bull)s for signal lamps. The two-wire system of 
wiring is used. It lias been careTully developt'd, resulting in a very 
simple layout, as may bo seen from tli<? accompanying wiring jilan 
of the system as applied to the six-cylinder National ear. 

Faults in Motors and Generators.— AVliile (‘very effort has been 
made by the manufacturers of eh‘clric starling and lighting sys- 
tems to have the various units function as nearly automatically as 
possible, it will be evident that some attention will be needed by 
the various units. The gt'uerator stiould be looked ov(*r from time 
to time and should any carbon dust be w^orn from the brushes by 
the commutator and deposited in 1h(‘ lower part of the casing il 
should be blown out Avith compivssed air. It is stated that an ac- 
cumulation of tills dust may result in a ground to the generator 
case or produce a slioi't circuit betw’cc'n the brush carrier and case. 
If the commutator is blackened or rough it must be smoothed down 
witii fine sandpaper wdiile the armature is nutating. Never use 
emery cloth for this purpose. Afhir smoothing down the commu- 
tator remove all particles of metal which may bi'idgc across be- 
tween the copper segments. Tlie insulating material between the 
commutator segments should not be higher than the surfaces of 
the segment, and if any of it projects it must be filed down slightly 
lower than the copper pieces by using a small file. 

The brushes are the part of the generator that demand the most 
attention and to which most of the troubles in devices of this kind 
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are duo. They should bo oxarniiied to see that they .are in porfoet 
contact with the commutator and that they do not stick in the 
brush holders. Any dirt or grease on the brush assembly should 
be removed. One of the most fertile causes of poor brush contact 
with the commutator is on account of insufficient spring tension. 
AVlicn examining the brushes care should be taken to sec that these 
are maintained positively in contact with the copper segments. 
Care should be taken not to have the spring pressure too great, as 
this would produce rapid dc2>rcciation of the brushes and heating 
of the commutator, llriishos that have worn down till they arc 
short must be replaced with new ones. When replacing brushes 
be sure that they fit the commutator surface exactly over the whole 
area of the end of the brush, and in all cases use brushes for re- 
]>laeomeiit furnished by the maker of the generator. In some gen- 
erators, shunt connections, which are called “pigtails/’ are used for 
connecting tlie brushes. If the new brushes furnislied by the fac- 
tory have these connections attaclu'd care sliould bo taken to make 
the coniieetion exactly the same as on tJie old brushes. 

It is imperative that the commutator be kept clean, as any oil or 
grease on the segments will collect carbon dust and produce short 
circuiting. The brush liolders should be entirely insulated from 
I he carrying case, and if any u£ the insulating biisliiiigs, washers 
or jdates are found defective tiiey must be rei>laei‘d with new ones. 
Should the battery or generator ho disconnected for any reason, 
do not operate engine agtiin until they are eonnectod. Never riui 
a generator unless connected to tlie battery. With tlu* engine run- 
ning and lamj^s burning, if tlie am]K*remeter l and stays at zero it 
indicates that the generator is ])roducing exactly the same amount 
of current as the lamps are eonsurnijig. If the Jiaiul is on the dis- 
cluu-ge side of zero it means tJiat the current-consuming units are 
burning more than the generator is producing. If the pointer is on 
the charging side of the scale it shows that the generator is pro- 
ducing more chrrent than is being used by the lamps. 

The starting motor is subject to the same electrical troubles as 
the generator is. These are grounds, short circuits, brush and com- 
mutator troubles. Defects in either the motor or generator drive 
are of a purely mechanical nature and can be easily located by any 
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competent repairman. The centrifugal governor used on many 
generators is not ai)t to give any trouble unless some of the parts 
fail or the action becomes clogged with oil and grease. If the 
springs tending to return the weights are broken or become weak- 
ened the generator will not deliver the proper amount of current 
because the drive will not be positive. Any accumulation of oil 
that will interfere with proper frictional adhesion between the 
clutch parts where a governor is employed will also result in fail- 
ure to drive. 

Faults in Wiring. — In the two wire system every wire, con- 
nector and socket* must be insulated from the car and should not 
be in metallic contact at any point except at the terminal. It is 
imperative tliat all wires be insulated from each otli('r and the car 
frame except at points where permanent connections are made. All 
connections should be soldered to insure positive cK)ntact and se- 
curely wrapped with insulating tape. The wires must be held 
securely by means of cleats of insulating material and must be 
mounted in such a way that there is no possibility of sharp metal 
corners or edges wearing through the insulation and causing 
grounds or short circuits. 

All wiring should be protected from the rotting action of grease, 
oil and water, and when the wiring is run where- these substances 
are apt to accumulate, the regular insulation should be supple- 
mented by a conduit of insulating material such as circular loom or 
fiber tubing, or armored cable should be used. All wires should be 
so installed that there is no danger of interference between them 
and operating rods and levers. The abrasion of these members will 
wear through the insulation, and result in short circuits. Brass or 
copper terminal connections should be used at all points and no 
connection should be made by winding the strands of wire around 
the terminal. One or more of the strands may bridge across the 
terminal or to some metal part and cause a short circuit or ground. 
Special care should be taken with the connections in*the lamps and 
other points. By the term “short circuit’^ electricians mean that 
two wires of opposite polarity are in metallic contact. Under such 
conditions the- storage battery wull be discharging and there will 
be no lights at the lamps. A short circuit may occur at any point 
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In the wiring system, but Is usually found at terminals that have 
been carelessly made or by worn insulation on wires. 

A short circuit will be indicated by the position of the ampere- 
meter pointer. Always note the position of the index band of that 
instrument when the car is stopped. With the engine at a stand- 
still and no lamps burning the band should point to zero. If it 
does not the amperemeter is either out of calibration or there is a 
leak of current from the battery at some point in the wiring. To 
ascertain if the amperemeter is correct, uncouple one of the battery 
terminals of the lighting system. Obviously,'^ if the hand swings to 
zero, the trouble is leakage of current, which should be immediately 
corrected after the trouble is located. If the index docs not point 
to zero when the battery terminal is disconnected, the instrument is 
out of calibration, and while this does not affect the operation of 
the system it should be taken into account w^hen reading the am- 
peremeter. If the engine backfires when the ignition is interrupted 
and it makes one or two revolutions in the reverse direction, the 
amperemeter pointer may he found at the extreme of the scale on 
the discharge side. This is caused by the circuit breaker contact 
being held closed and means a short circuit of the battery through 
I he generator winding. This must be corrected at once by mo- 
liientarily disconnecting one of the generator wires or starting the 
engine. If the wires are removed from the generator for any rea- 
son make sure that they are connected to the same terminals as 
they were originally. If the wires are reversed the amperemeter 
will indicate a dead short circuit by swinging to the extreme on 
the discharge side of the scale when the engine .^started, and if this 
defective condition is not corrected the battery will be soon dis- 
charged. In case of a short circuit examine all of the wares con> 
nected to the battery terminals and to the lighting switch. Make 
sure that the insulation is perfect and that it has not been cut 
through at anjr point. Whenever any wires are removed from any 
of the units always mark the terminals and the ware so that they 
will be replaced exactly as they were originally. If a short circuit 
exists when all the switches are opened, if ope takes off a battery 
terminal and makes and breaks contact between ther ware and that 
member a small spark will be in evidence. If no sparking occurs, 
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connect up the terminal to the battery and then with the engine 
at a standstill close tlie switches to the lighting circuit one at a 
time and watch the amperemeter closely as each switch makes con- 
tact. If the pointer does not move far from zero it shows that the 
current consumption is normal ; if, however, the pointer swings to 
the extreme of the discharge scale it is evident tliat a short circuit 
exists somewhere in the circuit just brouglit into action. All the 
circuits can be tried in this manner one at a time. If the ampere- 
meter indicates only a normal amount of current consumption for 
the various lighting circuits it is apparent that no further search 
is necessary. If, however, the needle indicates a short circuit on 
one or more of the switch positions, examine the wires carefully 
for the circuits at fault, and if the trouble* docs not exist there it 
may be located in the lamp socket, the connector or the bulb itself. 
In case one or more lamps fail to burn the trouble is due to cither 
a broken wire or a defective conneelion at the switch, connectors or 
lamp sockets or a bulb or fuse is burnt out. 

The following instructions relative to the care of the lamps and 
storage battery of the Auto-Lite system are taken from an instruc- 
tion book prepared by this company and apply to similar com- 
ponents of all systems. Complete directions for the care and charg- 
ing of storage battcricjs are given in the preceding chapter, but at 
the same time a review of the important points to keep in mind in 
connection with the maintenance of the batteries used in lighting 
and starting systems will prove of value to tlie motorist or repair- 
man who does not desire to go thorougldy into tlie subject of 
storage battery charging or mainteiianee. 

To clean liead and side lamp reflectors, remove from lamp body 
and carefully blow out any dust which may have collected on the 
reflecting surfaces. Then dip a small piece of absorbent cortton in 
alcohol and lightly wipe over the surface — always from the back 
to the front. To focus the lamps, open the swinging front of tlie 
lamp and direct the light upon some smooth vertical surface at a 
distance of about ten feet. Loosen the adjusting screw on the slide 
at the rear of the reflector, and move the bulb and socket out and 
in until all rings disappear in the illuminated area. Then tighten 
down the adjusting screw and close the lamp. Any further adjust- 
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ment of the lamp must be made by bending the arms of the lamp 
bracket with a heavy wrench until the light from each lamp strikes 
the road at the point desired. 

Do not connect additional apparatus, such as electrical horns, 
cigar lighters, etc., to the system without taking the matter up with 
the factory. The surplus capacity of the system is large, but there 
is a limit to the amount of current which the generator can pro- 
duce. Use the same judgment and reason in the operation of the 
electric lights on a car as you do those in your home or garage. 
When a car is running it is not necessary to burn all the lights, the 
two heads and the tail are all that are required or that are of any 
service. When the car is standing at night, use tlie side and tail 
lights only. When push typo coimoctors are used, if halves of con- 
nectors are loose when pushed together, the contact will be poor. 
Spread the connector i)osts slightly so that tlu*y wnll slide in their 
sockets snugly. If Ediswaii type are used, and plunger springs in 
connector do net operate, replace the connector with a perfect one. 

The storage battery is made up of several hard rubber cells or 
containers for the active plates and liquid electrolyte. The whole 
is surrounded by a wood casing for mechanical protection and ease 
in handling. Each individual cell is provided with a screw cap 
for inspection and the addition of electrolyte or distilled water 
when necessary. (See Fig. 301 and Fig. 305, B). The electrolyte 
must at all times cover the tops of the plates at least one-quarter 
inch. Insufficient electrolyte will result in warped or buckled 
plates, and an accumulation of sediment at the bottom of the cells. 
The battery will be ruined in a short time if the tops of the plates 
are not kept covered. Each cell must be inspected at least once 
every week in summer and once every two weeks in winter. All 
screw caps must be removed and distilled water added to each celi 
to make up for the, natural evaporation. If distilled water cannot 
be had use clean rain water which has not come in contact with 
metal or cement. 

Never add acid to the cells of the battery. If part or all of the 
electrolyte has been lost through accidental spilling or leakage get 
full instructions and advice from the maker. An hydrometer, ar- 
ranged with a rubber bulb to draw a portion of the electrolyte 
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from each cell, furnishes the best indication of the condition of the 
battery. The hydrometer shows the specific gravity of the elec- 
trolyte, w^hich for a fully charged cell should be 1280 on a specific 
gravity scale. If the car is out of service for a considerable length 
Of time, as when laid up for the winter, it is necessary to charge 
the battery at regular intervals. This may be done by running the 
engine at a car speed of twenty miles per hour for at least one 
hour every tw^o w^eks. If the car is to be stored, and it is not con- 
venient to charge as above, the battery should bo removed from 
the car and placed in a reliable garage to be properly taken care of. 

If your battery is arranged Avith terminal posts for the wiring 
connections these must be examined occasionally to see that they 
are clean and free from sulphate. The thorough application of a 
small amount of vaseline at the metal connections to the battery 
posts will prevent sulphating and consequent corrosion and poor 
electrical contact at these points. If the electrolyte leaks from the 
joints, bottom, or wood sides of the battery case, one or more of 
the hard rubber cells are cracked or broken. The battery must be 
returned to the factory for repairs or replacement. The metal bat- 
tery box must be thoroughly wiped out with a cloth saturated with 
ammonia to neutralize the acid and prevent corrosion. The top 
of the battery must be kept clean and dry to prevent a leakage of 
current betAveen tlic terminals. See that the battery is held se- 
curely in its metal box or other container. If necessary pac’i 
tightly with Avaste to prevent the battery shaking about from jolt- 
ing of the car. Tools, other metal articles, or anything of value 
should not be placed near the battery as tlie acid fumes will cor- 
rode and destroy metal, cloth and like material. Make certain that 
tlie battery terminals cannot touch the cover of the metal battery 
box. A thin sheet of wood fiber fitted inside the cover of the bat- 
tery box will i)revent short circuits or grounds from this cause. 
It must be remembered lliat the efficiency of any storage battery 
decreases Avith drop in temperature and it is only about 50 per cent, 
efficient at zero temperature. For this reason the demand for cur- 
rent should be kept as low as possible in cold A\x‘athor and lamps 
turned ofE when not needed. 

The user of any electrical starting and lighting system will 
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Fig. 312. — ^Wiring Diagram, Showing Typical Lighting System. 


avoid trouble and expense by the observation of the following 
instructions : 

T)onH replace worn-out ])rnshes Avith any others than those sup- 
plied by the manufacturer. 

Don^t put oil or grease on the coiiiTnutator of the generator or 
motor. No lubrication is wanted there. 

Don't turn the hose on the generator or motor when washing 
your ear. 

Don't tighten up on the silent chain drive unless the slack be- 
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comes excessive from stretching. The chain must he run w. 
reasonable amount of slack to prevent noise and wear. a’ 

Don't fail to lubricate the silent chain drive at frequent intei ' 
vals. Noise will bo eliminated and w’car reduced. Keep the cliaiii 
and svrockots clean, and free from dirt and gravel. 

Don't run your car, if for any reason the batteiy is discon- 
iiectcid from the circuit, unless you have disconnected .the chain 
d»‘iving the generator, or tlie generator itself lias beim removed. 

Don't attempt to propel car witli starter. Such ''stunts” are 
interesting, but expensive. Gasoline is for that purpose*. 

Don't attempt to make adjustments of any kind in the circuit 
breaker. 

Don't fuss witli tlio system when it is oj)eratiiig pro'perly. 

Typical Lighting System. — Tn order to sliovv clearly the wide 
use that is made of electric current, even on ears not provid(*d witii 
an electric starting motor, wiring diagrams are shown at Fig. 312 
which represent the frame and body wiring of a Packard tourin^ 
car without starting motor. This wiring is used solely for cc 
veying battery current to the lamps and other current-consumi: 
units, which includes a Klaxon horn and speedometer light in a 
dition to the usual lighting equipment of six lamps. Two reai 
lamps are provided, one of these the usual red signal specified by 
law, the other is a white light used to illuminate the license tag. 
In order to make it possible to remove the body from the chassis 
without destroying the wiring, the current conductors are run in 
two independent groups, one being secured to the body, the other 
running through suitable conduits attached to the frame. The 
upper view show^s body wiring with the storage battery con- 
nected, though, this member is carried by the frame and has « 
connector which may be readily broken when desired to join tl 
battery with the body junction box. Among the appliances ca 
ried by the body may be mentioned the side lamps, the speedometc ' 
and Idash lights, the Klaxon horn, and the two tail lamps. Tt 
arrangement of the wiring is clearly shown in the illustration, tl > 
method of running the wires from tlie junction box to the varioi / 
units is clearly defined. Attached to the chassis are the two hef 
lights, the storage battery, and the lighting generator. Tn th 
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Fig. 313. — (Iroiip of Lamps Used in Connection witli Electric Lifting System. 
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system the generator is used to charge the storage battery, the 1^* s 
rent going througli the usual automatic cutout switch to prev^ . 

a reversal of current at such times that the generator is not sup 
plying enough energy to charge the battery. As is true of the dia*- 
gram presented above, all of the circuits are clearly shown and may 
be readily followed by any one. 

The construction of the various forms of electric lamps used in 
motor car lighting systems is cloai'ly shown in P^ig. 313. The 
lamp outlined at A is a combination form, designed to use either 
kerosene or electricity, the former being used only in the event of ^ 
failure of the latter. The side lamp at B is a neat form, intended 
to use electricity only. Dash, coil and speedometer lamps are de- 
picted at C. A combination trouble lamp and cigar lighter is 
shown at D, The trouble lamp at E is an easily portable form 
and is convenient for use around the power plant, gasoline tank, 
etc,, deriving its current from the regular battery. A combination 
tail lano^, having red lens at the rear and a white glass at the 
aide to illuminate the number plate, is shown at P\ The approve 
construction of a variable focus electric head lamp is shown 
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CLUTCH AND GKAU150X FAULTS 

Principal Clutch Troubles Outlined — Cone Chitcli Construction and Adjust- 
ment — Cone Clutch Repair — Plato and Disc diitchos — Band Clutches — 
Planetary (learset Repair — Friction Drive Faults and Remedies — 
Troubles in Sliding Gear Transmission. 

It is not difficult to loeato defects in th(^ power plant, as the 
symptoms resulting from faulty jictioii of the (uigine mechanism 
and th(‘ parts of the auxiliary groups are such that can be readily 
recognized by comparatively inexperienced repairmen. There are 
a number of points in the power transmission system that may de- 
preciate in service and their faulty action will not be immediately 
discovered. There may be serious wear in the power transmis- 
sion elements, such as the gear box and the rear axle, which will 
mean a serious diminution in the amount of power delivered to 
the rear wlieels. As these faults are usually of a purely mechan- 
ical nature, they are not generally known, and as a rule only show 
up in a positive manner when a car is overhauled thoroughly. 

Principal Clutch Troubles Outlined. — The first member of the 
power transmission system 115 be considered is the friction clutch 
in its various forms, and it is important that clutch troubles be 
readily recognized, as the power, capacity and speed of the entire 
vehicle will be affected if the clutch action is not as it should be. 
Considering first the general troubles which are apt to material- 
ize with all types of clutches, we will consider as the most important 
a too sudden or harsh engagement, which causes ‘‘grabbing,” fail- 
ure to transmit the entire engine powder, lack of capacity due to 
failure to engage properly and poor or slow release, which results 
in “spinning,” Clutches that. employ frictional material as a 
facing will not act properly if the material becomes worn or if it 
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IS glazed over. Besides the trouble due to defective friction mem^ 
bers, there are other portions of the clutch mechanism that de- 
mand care and inspection. As the cone clutch is tlie most com- 
mon, we will describe the construction of a typical clutch of this 
nature and then consider the methods of repairing defects that 
may materialize in service. 

Cone Clutch Construction and Adjustment. — The cone clutch 
assembly shown at Pig. 314 is that used on National automobiles 
and is one that has given excellent service. The female member 
machined in the flywheel rim while the male member, from which 
the clutch type takes its name, is a truncate<l cone or saucer-shaped 



Pig. 314. — Olutcli and Control Pedal Assemlsly of Katlonal Automobile. 
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member cast of aliimiiiiira, which has a frictiou facing of leather. 
The clutch cone transmits power by virtue of frictional adhesion 
with the flyAvhcel rim, this amount of friction being increased by 
the wedging action due to the angular face of the clutch inemberB* 
The pressure? maintaining the parls in engagement is produced by 
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Fig. 316.— Sectional View, Showing Gear Box and Clutch Assembly, 
Forming Part of Unit Power Plant. 


a substantial coil sirring carried by the flywheel extension, this, 
spring . exerting its pressure against the cone^carrying member 
and having its reaction absorbed by an anti-friction bearing of the 
ball form. The power from the clutch cone carrier is transmitted 
by a double universal joint to the gearbox, placed back of the clutch, 
^and about midway on the chassis frame. 
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The views of the National chassis presented at Fig. 339 will 
show the relation of the clutch and gear box in the National car 
very clearly. When it is desired to interrupt the engine drive the 
clutch release pedal is depressed, this pulling the clutch cone car- 
rier so the cone is pulled away from the female clutch member. 
In order to i)revent ‘‘spinning'^ and make gear shifting easy, as 
soon as the clutch cone is fully released a friction brake interlocked 
with the clutch pedal is brought in contact with a small brake 
drum* member, which retards clutch movement. Another form of 
friction clutch, showing its relation to the gearbox of a unit power 
plant, is clearly outlined at Fig. 315. This is of Covert manu- 
facture and will be found on a number of 1915 automobiles. When 
the clutch and gcarset are incorimrated as a unit the design of the 
engine is such that the gear box is bolted directly to the engine 
crankcase in order to obtain a unit power plaiit. In this cone clutch 
the spring pressure maintaining contact between the male and fe- 
male clutch members is produced by four coil s})rings carried out- 
side of the clutch cono^ where they may be easily reached through 
the clutch case cover when it is nec(‘ssary to increase their tension. 

It will be apparent that as the clutch facing wears and the cone 
seats itself deeper into the female member that the spring tension 
may be reduced to some extent. In the clutch showm the spring 
pressure may be increased as desired by pulling out the split pins 
that keep the castellated adjusting nuts from turning and screw- 
ing each of these mciiibei’s in the same amount, endeavor being 
inade to have the tension of all springs as nearly C(|ual as possible. 
The clutch springs exert their pressure against the clutch cone at 
one end and the reaction is taken through the stud to a spider mem- 
ber betw^een the clutch cone and the flywheel, which bears against 
a ball thrust-bearing carried by the crankshaft extension member 
bolted to the flywheel, as indicated. When it is desired to release 
the clutch, the pedal rocks a shaft to which a yoke member is fas- 
tened. This yoke member carries rolls which bear against an up- 
turned flange on the clutch cone carrier, which also transmits the 
pow'er of the engine to the squared end of the primary shaft. The 
construction of the gear box will be described in proper sequence. 
The clutch shown at Fig. 316, A, is used on models B-24 and 
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Pig. S 16 .— Fxocesses Inddantal to Befacmg Olntdi Cone Oi 
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B-25 Buick cars. It is of the leather-faced cone type, having three 

plungers pressed against a leather facing by coil springs to make 
for easy engagement. The construction is clearly shown in the ac- 
companying sectional view, which also points out the portions 
needing lubrication. Of those, the clutch si)indlc is ln))ricat(‘(l by 
a grease cup carried by tlie clutch cone, while a pipe plug is placed 
in the spring housing to introduce grease for the tlirnst bearing. 
In this clutch the spring tension may be increased by screwing in 
the threaded niit on tlie end of the crankshaft extension. The 
clutch cone is of aluininuni and is tapered in the usual way, having 
a standard angle of 12J/2 degrees. Tlie cone is lield in engageineiit 
with the flywheel by the large coil spring enclosed in a housing 
member, that also serves as a clutch cone carrier. At the rear of 
this sleeve or housing member is placed tlie coupling wliich connects 
the clutch with the primary shaft of the change speed gearing. The 
housing carries a collar connected with the clutch pedal, so that 
when that member is depressed the clutch spring is compressed and 
the cone pulled away from the flywheel rim. After the cliiteh has 
overcome the inertia imparted by the flywheel it remains station- 
ary when released, the crankshaft extension rotating freely inside 
of the clutch spindle bearing. 

The most common cause of faulty clutch action is some defect 
of the leather facing, as this xuay be packed down hard or charred 
by heat from slipping, or it may have been used so long that the 
leather has lost its life and become hard, with a glazed surface that 
has a very low' degree of frictional adhesion. The clutch spring 
may have become weakened or broken ; this wdll cause the clutch to 
slip, even if the leather facing is in good condition. The two trou- 
bles usually met with are harsh action as one extreme condition 
and power loss because of slipping as the other. If the surface of 
the leather lining becomes hard and does not have enough resiliency 
to yield slightly when first brought into frictional contact with a 
flywheel rim, this results in harsh engagement. To insure gradual 
clutch application tlie friction lining should be soft and elastic. 
If the leather has not been charred or is not worn too much it may 
often be softened by rubbing it with neatsfoot oil and allowing 
that substance to soak into the pores of the leather. Kerosene oil 
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is often enough to keep the clutch leatlier soft and pliable, and it 
has ai) acldod aclvaiitago in that it has so little lubricating value 
that tlje clutch members are not likely to slij) because of reduced 
friction. Kerosene also has a quick ])enctration property that is 
valuable and does not collect grit or gum. Cylinder or machine oil 
should nov(‘r be used to soften a clutch ieath(5r. 

When a cone elntch slips and the friction facing is not worn 
or the. spring tensioji is not lessened tlic trouble is usually due to 
a coating of lubricating oil on the frictional material, that reduces 
tlie friction so that the j)ressiire of the clutch spring is not great 
enough to keep the elntch j)arts lightly pressed together in posi- 
tive driving engagement. A simple renu'dy for tliis defective con- 
dition is to absorb tlio suri)liis lubricant by rubbing a small quan- 
tity of Fuller’s eartli into the l(*ather surface. When a clutch cone 
is assembled it is not easy to reach th(i friedion lining. The first 
step is to dis(’Jigagc or release the eluteh and fjisten the releasing 
mechanism in such a way Hint llio cliitcli cone will stay out of en- 
gagcnient even when the i)ressnrc is reh'ased on the pedal. On 
some cars the eluteh release and (Miiergcmey brake applying me- 
chanism are interlocked so that api)lying tlic hand lever w^ill release 
the clutch. TJje clutch may bo held out of engagement in this cjlso 
by latching the emergency l)rake lever. The Fuller's earth is 
placed on a piece of pa])cr or card so it can l)e sprinkled into the 
space left between tlic male and female members. Powdered borax 
is often recommended for the same purpose. Kosin is sometimes 
advised, but thi.s material should not be i)laced between the clutch 
members, as if there is any tendeuey to slipi)ing and any genera- 
tion of iieat it ]iiay be melted and will become a lubricant that will 
intensify the slipping instead of acting to absorb the oil, a§ the 
Puller's earth or borax will. 

If slipping is caused by a broken clutch spring, which is a very 
rare occurrence, or by weakening of the clutch spring, w^hich is 
more ■ common, the method of repair is evident, this consisting of 
substituting springs of proper strength where no adjustment is 
provided or by increasing the degree of compression of the weak 
spring if some method of compensation for shortening the spring 
is provided. Another annoying condition when a cone or three- 



Ode ' ^utombbiTe 'Kepmring Made JSaay 

plate clutch is used or where the clutch-driven members are of large » 
diainctor and have coiisiclerable wight, is spinning^' or contin- 
ual rotation of the male clutch member when the spring pressure is 
released. This is often due to inertia, but is sometimes caused by 
a defect in the clutch mocbaiiism. If the bearing on which the cone 
revolves when disengaged is not properly lubricated or if a poor 
grade of grease is used for this purpase the bearing may stick and 
the male clutcli member will continue to rotate, even when the 
spring pressure is released. The ball tlinist bearing cjnploycd to 
take clutch spring reaction, and which is clearly shown in the vari-*'’ 
ous sectional views i)revionsly described and in Fig. 318, which 
shows a cone clutch partially dismantled, may l)ecomc wedged by 
a broken ball or particles of •foreigri matter, and if rotation of the 
parts relative to each other is pn^vented the rotation of the crank- 
shaft will bo imparted to the cone member through the eiuteh 
spring, wliieli must turn with the crankshaft instead of remaining 
stationary, as would be tlie ca.se if the ball thrust bearing were 
functioning as i*t should. 

A seized clutch sjiindle bearing can only be repaired by taking 
the clutch apart and dressing down the soorc'd journal, supl)Jying^ 
a new bushing and removing the cause of the seizure. Sometimes 
when the clutch cone is carried on plain bearings wear in these 
members will permit the cone to sag because oE its weight, and 
even though the spring pressure is fully reh^ased tlie lower portion 
of the cone will come in contact with the fly whecd and the cone will 
be kept in rotation. Faulty chileh action is often traced to points 
distinct from the clutch mechanism itself. Tliis applies to all 
types of clutches. Many cases of ffiilure of clutch to release have 
been found due to imperfect relation of interlocking levers or rods 
or depreciation in some mechanical parts. IE the clutch shifting"^ 
collar is worn unduly or the small pins in the rod yokes connecting 
the clutch pedal with the release mechanism have worn, the pedal 
may be fully depressed and yet the pressure of the spring keeping 
the parts in contact may not be reduced to any extent. Where the 
emergency brake lever is interlocked with the clutch release lever- 
age it may be possible that an adjustment of the brake rod, if 
these are shortened to compensate for wear of the brakes, will 
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change the length and may throw out the clutch mechanism slightly 

and cause slipping of the clutch because the spring pressure may 

he partially relieved. 

The clutch release mechanism used on the Overland car as well 
as the provisions fo^ adjusting the clutch spring are clearly shown 
at Fig. 3J9. When the clutch cone facing wears the only remedy 
is to dismantle the chitch, as shown at P^ig. 318, which permits one 
to remove the old clutch lining from the cone and rivet a new' one 



Fig. 317. — Fattein for Cutting Clutch Leather for Overland Model 80 

and 81 Cars. 


in its place. If the old facing can be removed without breaking, it 
may be employed as a pattern or basis for a new lining. If the 
car is a model of standard make and recent manufacture the best 
plan is to obtain a new clutch facing from the manufacturer. How- 
ever if the car is an old model or if the facing must be put on 
immediately it is not difficult to lay out a clutch leather that will 
go in place without difficulty. 

The first step is to lay out the clutch to exact size on heavy 
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drawing papor, making sure that the faces are at the proper angle. 
This may be done as shown at Pig. 316, B. Draw a long line 
through the center of the clutch cone and parallel with the hub; 
this being rci)rest*nted l)y the line AB in the drawing. Continue 
the angle of the cone by straight linos, meeting at a point in the 
center lino. Using tliis jKunt as a center and the distance from B 
to C and B to D as radii, describe the arcs of circles EG and PH. 
Tlie distance from E to G must ecpial the larger circumference of 
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leather in water and applying to the cone wet so that when it 
dries .it will shrink and hng the cone closer. Others apply it dry 
and oil it after it is 
placed. In the opinion 
of the writer, which is 
based on considerable 
experience, letting the 
leather shrink is likely 
^ to result in the friction 
facing pulling away 
from the rivets, while 
oiling the material 
after application is apt 
to cause expansion and 
an uneven surface. 

When the leather is 
oiled before applica- 
tion it is soft and 
• pliable and there will 
be no trouble in the 
material becoming 
loose from its fasten- 
ings if it is properly 
fitted. There are two 
methods of fitting the 
clutch leather. One of these is to attach the leather at one end^ 
holding it on the cone with a iriachinist’s clamp or hand vise, while 
the holes are then drilled in the leather to coincide with those in 
the cone. The two holes at the extreme end are first drilled and 
the leather riveted in plact*, care being taken that the holes for the 
rivet heads arc countersunk deep enough so the copper will be well 
below the surface of the leather. After the end is securely fastened 
the leather is pulled tightly around the cone to the next point of 
fastening, the facing again being retained by clamps while the holes 
are drilled and the rivets applied. This operation is repeated from 
ono point of attachment to the next. This method insures that the 
facing will hug the cone closely instead of standing away from be- 



Fig. 319.- -Clutch Control Assembly of Over- 
land Autoniobiles. 
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tween the rivets, as is soTnetimes the case when all holes are drilled 
in the leather before application, which is the alternative method. 

After a facing is applied it should be trued iu a lathe by tak- 
ing a light cut off its surface or the high spots may be rubbed ofE 
by hand with sandpaper, a piece of glass or a coarse file until a 
a full bearing is obtained all over the clutch facing. The material 
ordinarily used is good oak bark tanned belting leather, though 
hemlock and chrome tanned leather have been used Avitli good 
results. The oak tan seems to iK)ssess all the desired (pialities of 
elasticity, durability and degree of frictional adhesion required. 
The other method of apjdying the heather is to rivet the two ends 
to the cone as sliown at Fig. 816, C, and then to pull the leather 
in place and rivet at llie point dir(‘etly opposite that wliere the two 
ends are riveted. The other rivet holes are then drilled to corre- 
spond 'with those in the eoiie. It is not desirable to eut woven wore 
asbestos fabric, and when this material is used it must be ob- 
tained all ready woven to form from the car manufacturer. Spe- 
cial copper rivets are used for riveting the friction facing to the 
cone. These have broad, flat Jieads of medium thickness, in order 
that they will keep tlie Icatlier firmly in place 's^uthout danger of 
pulling through, as would be tlie case if the rivet lu^ads were 
small. Care should be taken to countersink deep onongli for the 
rivet heads so that these will not touch the female member until 
the leather is worn so much that it needs renewing. 

It is not difficult to do a good job of riveting if a holt or punch 
the same diameter as the rivet head is used as a su])port, as shown 
at Fig. 316, D, and the end of tlie rivet is burred over with a 
rivet set, or with the hall peiii end of a maeliiiiist^s hammer. 
The punch supports the head of the rivet and forces it positively 
into the countersunk hole and insures a good tight fit. Oji some 
clutch cones, notably that used in models of the White automobile, 
the jEriction facing is held on the cone by means of T-bolts, which 
fit into depressions cast into the cone spider. Renewal of the 
leather is a simple matter, as the worn facing may be removed 
by loosening the clamping members and a new facing easily ap- 
plied. Tlie method of making a pattern for the clutch leather of 
some of the Overland car models is clearly shown at Fig. 317. 




Fig. 320. — Showing ClutclL Construction of 1914 Hupmobile at A and Multiide Disc Clutch Used on 

Premier Automobile at B. 
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It will be observed that tlic radius for the inner eirclfi is 33%^ 
inches^ while that for the outer arc is 35%2 iiiches. The length 
should correspond to the circumference of tlie clutch cone, or 
44 %q inches. The rough or llesh side of the leather is placed 
outside. 

Plate and Disc Clutches. — Multiple disc or three plate clutches 
are subjected to practically the same main troubles as found in 
the cone type, i.e., they will engage harshly or fail to transmit the 
engine power in a positive manner. If a multiple disc clutch of the 
all-metal plate type does not release propeily, it is because the 
surfaces of the plates liave become rough and tend to adhere to- 
gether. The plates should be smooth and free from any rough 
particles or score marks, as these will always produce harsh en- 
gagement. This condition also results if there is insufficient oil 
or unsuitable lubricant in those types where the discs are designed 
to run in an oil bath. '‘Spinning^’ or continuous rotation of a 
multiple disc assembly often results from seizing due to gummed oil ; 
the presence of carbon or burnt oil between the plates, and in some 
cases by a lack of oil between the members. When an all-metal 
multiple disc clutcii slips, this generally results because of reduced 
strength in the clutch springs, distortion of the plates, or the use 
of too heavy lubricating oil. To secure the best results from a 
multiple disc clutch it is imi)erative that only certain grades of 
oil be used. If one uses a cheap or inferior lubricant it will car- 
bonize because of the heat present when the plates slip, or it .will 
gum up owing to the admixture of animal fats or other adul- 
terants. 

In a number of cases faulty multiple disc clutch action is due 
to ‘^brooming,” which is a name given for a defective condition 
that exists when the sides of the kyeway have become indented 
and prevent free movements of the i>lates, or when the plate edges 
become burred over and prevent full contact of the plates. In 
most cases the adjustment of a multiple disc clutch is easily ac- 
complished by adjusting nuts that may be easily reached if the 
clutch is of the dry plate type, as shown at Fig. 320, A, which is 
a representation of the 1914 Hupmobile clutch. The adjusting nut 
is indicated and there are a number of these carried around the 
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periphery of the flywheel. Wlicnever the dry plate clutch is used, 
one set of the series of discs is faced with some friction material, 
such as Raybestos, and, of course, when this facing wears it must 
be replaced with new just the same as advised for the cone clutch. 
These facings aie usually of asbestos fabric, and must be procured 
woven in the special ring form of suitable dimensions for that 
specific make of clutch. It is not possible for the repairman or 
motoriKst to cut his own plate facing, as the material is hard to 
handle and there would be much waste if attemot wa^ made to 
cut it in segments from a wide strip of material. 

A typical multiple plate clutcli of approved design is shown 
at Pig. 320, B. Tliis is used on the studies X Premier car. It is 
intended to operate in oil and is housed in a dust-proof easing 
attached to the rear of the fan-blade-spoked flywheel. Connec- 
tion between the eluteli and gearset is by means of a hardened 
floating shaft A, broached at its forward end to engage with the 
clutch, and having at the rear a joint coupling B, which engages 
with a similar part C on tlie gearbox. The sleeve B, which carries 
the coupling slides upon llie clutch shaft may be easily moved 
forward by removing the clamping collajj^D. This is split so that 
it may be easily removed from the threaded portion. In remov- 
ing the clutch the first operation is to displace the floor board 
in order to gain access to the clutch casing. Remove the cotter 
pins E from the pins P in the pedal shaft end of the cradle. 
Remove the split nut D from the clutch shaft A and slip the 
sleeve B forward, in order to release it from the coupling C. 
Next remove the eight retaining screws G in the clutch cover on 
the flywheel, which will permit of removing the clutch and drive 
shaft. To take the clutch apart back off the clutch nut H, which 
will release the clutch spi-ing and enable that member lo be lifted 
out. The spring nut II is not used for making adjustment, as 
none is necessary. A spaiiiior wrench or two quarter-inch pins 
used in connection with a bar may be employed for backing off 
the clutch nut II. The clutcli cover J can be easily removed by 
taking out the spring, and the small and large plates L and K will 
be found on the clutch plate holder. 

These plates should be taken off and thdroughly cleaned. If 
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Fig. 321. — Construction of Typical Three Plate Clutches Outlined. 
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considerable depreciation is noted, new ones should be substituted 
for the worn members. The small plates L have lugs upon their 
inner edges which engage in the keyways or grooves cut on the 
face of the spider. The large platbs K have a series of lugs on 
th(dr outer edges to fit into the grooves in the clutch cove?". In 
reassembling this clutch it is important that the lugs of the large 
disc are so arranged as to fit alternate slots, thereby providing 
space between eveiy other jdato for the ]>lacing^of the small 
springs which must bo assemhh^d so as to ]u*ojeet to\vai;d-the rear 
of the car. The last two springs are arrang(*d to touch the inside 
of the clutch cov(*r. The object of these small springs N is to 
force the clutch jilates K apart when the clnteh pedal is released. 

Before r(‘j)lar-ing the clutch cover, coal th(‘ (‘dges with shellac 
to insure, an oil-tiglit fit. Slide the eliitcli sliaft A forward into 
the clutch until it .strikes the bottom of its so('ke1. Slide the sleeve 
B with the thiw joint coupling back milil it engages with the 
enacting member on the transmission ]n’imary sliaft. Replace the 
si)lit nut I), screwing it along the shaft until liolh the shaft and 
the sleeve are forced .securely into place*, then sei’i'w the nut forward 
about .03 inch to allow that much ent^>lay in the clutch shaft, 
and tighten the two screws sc'curely. "nie makers of the Premier 
clutch recommend lubricating tlie eluleli evei’y five hundred miles, 
This is accomplished by removing the tiller plug and using a funnel 
to replenish the su])ply. If the eluleli is suspected of chattering 
or harsh engagement, the first step is to make sure that all the 
motor cylinders are firing regularly and that it is the clutch 
that is at fault. If the cUitcli drags or does not release promptly, 
inject about a jiint of kerosene, running the motor a few minutes 
with the clutch disengaged and Avith the gears engaged in the 
gearset. This holds the clnleli spider or disc carrier stationary, 
Avhereas the other set of discs, which Js carried by the clutch case, 
revolves and Avashes the kerosene thoroughly between all the plates. ' 
Remove the kerosene after this op(‘ration is completed and refill the 
clutch case \Adth new, clean oil. The clutch operating linkage should 
be lubricated cA^ry day and the grease cups just to the rear of 
the clutch housing should be turned down frequently, 

Examples of the three plate clutch construction in which a 
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single large driven inember is used, faced with rings of friction 
material, are shown at Fig. 321. That at the left is the Haynes 
clutch, the spring pressure being multiplied by a bell crank which 
pr^es the clutch pressure ring against the driven inember and 
brings that to bear against a suitably machined face on the fly- 
wheel web. The driven member is carried by and rotates with 
the shaft used to transmit the power of the clutch to the gearset. 
It is possible io compensate for w'ear of the friction faces by 
screwing in on the adjustment screws A which push the ring mem- 
ber carrying the bell cranks closer to the pressure ring. Owing 
to the large size of the driven member this type of clutch will 
continue to rotate after the clutch spring pressure is released 
unless a clutch brake is provided. This is a very simple con- 
struction consisting of a plate attached to and turning with the 
shaft supporting the driven member and a friction pad carried 
by the rfekasing yoke. The general construction of the clutch is 
so clearly shown that further description seems unnecessary. 

Another form of three plate clutch which is used on some 
models of the White automobile is shown at the right of Fig. 321. 
In this the driven plate i^lamped betweeu the flywheel face and 
the pressure ring by a force exerted against a pressure wedge by 
the toggle links which are pressed outward by the usual form of 
‘ coil spring. When it is desired to interrupt the drive the releas- 
ing yoke is moved so that the clutch spring is compressed and the 
toggle links pull the pressure wedges from between the inclined 
faces of the pressure ring. A. variety of multiple disc clutches is 
shown at Fig. 322, ail of these operating on practically the same 
general principles. That shown at A is used on the Chandler 
automobile. That at B is an all metal disc assembly of Franklin 
design. The King clutch is shown at C, this having a series of 
adjusting nuts AAA, which^may be used to augment the clutch 
spring pressure if the clutch shows any signs of slipping. The 
clutch used on the Hudson cars is shown at D. This also employs 
a series of small springs having adjusting means instead of one 
large coil spring not provided with any cbmpensation for loss of 
strength. The clutches shown at A, C and B have plain metal discs 
alternating with heavier plates provided with cork inserts. The 
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Tig. 322. — Group Showing Multiple>Plate Clutches Used on Modem 
Automohiles. 


same instructions previously given in connection with the other 
multiple disc cliitclies apply to these forms as well. 

The relation of a multiple plate clutch to the complete power 
plant and gear box assembly is clearly shown at Fig. 324. The 
multiple dry plate clutch shown detached from the gearset unit 
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employed on the 1915 8-cylinder Cadillac is shown at Fig. 325. 
It will be observed that the clutch disc driving member whi,ch is 
bolted to the flywheel has a series of driving keys riveted around 
its inner periphery. These are to engage the projecting driving 
members which extend from the outer facing of the plain metal 
discs. The asbestos friction material faced plates are carried by 
the clutch spider, the pressure maintaining contact is exerted by 
a concealed coil spring carried in the interior of the clutch as- 
sembly. A plan view of the gearset with the cover i)late removed 



Fig. 323. — ^External Oonstricting Band Clutch of Haynes Design. 


and showing the inainshaft and the shifting gears is also included 
in this illustration' 

Band Clutches. — Band clutches have been used to a limited 
extent in automobile construction, though these have never received 
the wide application that the cone, three plate and multiple disc 
clu1;phes have. Many early models of Packard and Peerless auto- 
mobiles used an internal expanding band clutch faced with leather. 
Means of adjustment was provided by which the degree of ex- 
pansion relative to the movement of the expanding toggle linkage 
could be varied to some extent. This adjustment was very sensi- 
tive and required expert attention. If the clutch facing became 
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worn or soaked with oil it w^as much more apt to slip than a cone 
clutch, so as soon as the leather facing had worn slightly and the 
adjustment had reached its limit, it was necessary to reface the 
band. This was done in the same manner as advised for replace- 
ment of worn cone clutch frictions, though more care is needed in 
truing off the face of the leather. , 



Fig. 325. — Clutch and Cearset of 1915 Cadillac Automobile. 


An external contrac^ting baud clutch w’hich was used on a num- 
ber of models of the 11 allies cars is shown at Pig. 323. In this 
a contracting band* is tightened around a steel drum attached to 
the flywheel by a simple leverage, as indicated. An adjusting 
screw was provided for compensating for wear of the clutch band. 
In order to adjust the band the locking nut was unscrewed and 
the adjusting screw set to obtain the required amount of friction 
band contact. 
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Fig. 326. — Oatliniag Construction of Modem Planetary Transmission Gearing. 
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Planetary Oearset Repairs. — The simplest form of soared 
change speed mechanism is the planetary gearset in its various 
forms. It is not the simplest in construction, but it is the easiest 
to contrci. At the present time planetary gearing is seldom used, 
as practically all automobiles use the sliding gear .type. There 
are many cars of early design, ho\v(*ver, which use this form' of 
gearing, and it is standard eciiiipment on the Ford automobile. 
^V^arious planetary gear constructions are showm at Fig, 326. That 
at A is an all spur type, no internal gears, such as were employed 
on the early forms being utilized. The shafts are divided, the 
one at the right is geared to the crankshaft and drives the gear C. 
Gear A is a running fit on the shaft, while gear E is keyed to the 
shaft at the left, from which the drive is taken. I’inioiis F, D and B 
are fastened together on one common sJiafl, so IhaL th(\y must rotate 
as a unit at all times. Three sets of these gears are ])r()vided, these 
being sj)aced e<jiiidistaritly in the carrying case. To o))tiim the 
slow speed ratio a contracting b*and is c]arii])cd around the hoiis* 
^ing L, and when this is held stationary the drive is from the 
gear 0 to the member 1), from gear F wdiich lurns at the same 
speed as gear D to the large driving member B which is attached 
to the driving shaft. Reverse speed is obtained by tightening an- 
other band on the drum R. This drum is attached to the gear A 
so that when the brake is applied at R the gear A must remain 
stationary. On reverse speed the whole gear carrying housing 
must rotate about the gear A. From the engine shaft the power is 
transmitted to gear C, and from tlKiiic’e to gear D. As three 
pinions are fastened together any power impartci) to these pro- 
duces motion of F and B also. When these three gears rotate, 
^gear E is forced to travel over A, which is stationary, and thus 
produces rotation of the drum L. From gear D the power is trans- 
mitted through gears F and E to the rear. To obtain a high 
speed or direct drive the clutch member S is forced against the 
drum R so these two members must rotate together ; this locks the 
entire transmission and causes it to rotate as a unit ; as gear A is 
fastened to the drum R it must also rotate with it and the clutch S. 
This locks the gears F, B and D in position, and as they cannot 
^ rotate they act as a lock for the entire assembly. The driven shaft 



672 Automobile Repairing Made Easy 

I 

at the left, therefore, turns at the same speed and in the same 
direction as the driving shaft at the right, wliicli is connected to 
the engine. 

The planetary transmission used on the Ford automobile is 
olearly outlined in part section at Fig. 320, li ; the variou? adjust- 
ments and operating pedals are shown at Fig. 327, and a top 
view showing its location relative to the flywheel of the engine is 
shown at Fig. 328. The various adjustments are clearly oiillined 
at Fig. 327. The operation is practically the sanio as the gear 
-shown at A, there being three groups of planetary pinions P-l, P 
and K. These are rivet(‘d together so they must turn at the same 
speed. Gear P-l meshes with gear D, which is keyed to a driven 
member attached to the drum C. Tluj drive gear F is mounted on 
the end of a bushing which is riveted to tlie brake drum 1). The 
gear li is attached to the brake drum B. The clutch is a multiple 
disc type normally held in engagement by a coil spring. 

Three brake bands are used for this transmission, the one that 
constricts around the drum C is the foot brake and acts lo retiird 
movement of the car regardless of whether any of tlie other clutches 
are engaged. Tightening a band around drum B produces a slow 
speed. When the band is tightened around the drum V or that 
nearest the flywheel, a revt^rse motion is obtained. To apply either 
the slow speed or reverse band it is necessary to break the direct 
driving connection by reh^asing the clutch Ri)ring tension and 
allowing one set of clutch discs to move independently of the 
other set. One set of the clutch plates is carried b}' t!ie cluteh 
case C which is keyed to gear D. The other set is carried by a 
clutch disc carrier which is ^supported by an extension of the en- 
gine cranksliaft and prevented from turning by a set scrcM’’ pass-r 
ing through the cluteh disc carrier hub into the shaft. The ad- 
justment of the Ford clutch is a very simple operation, this con- 
sisting of releasing the set screws in the clutch fingers by pulling 
out the split pin that acts as a lock and turning in the adjusting 
screws. The slow' speed adjustment is at the side of the gear case, 
and may be reached without removing the cover plate of the trans- 
mission which is necessary to adjust either the reverse clutch band 
or the foot brake band. 
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Fig. 327. — Illustrations Showing Mathod of Adjusting Clutch Bands of 
Ford Planetary Transmission. 
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Another planetary transmission which is incorporated with the 
jack shaft unit is shown at Pig. 326, C. This is used on the 
Koehler truck. .In operation it is the same as that shown at A, 
as three brake bands are provided, one acting as a foot brake 
while the other two provide the reverse and slow speed ratios, 
respectively. The contracting band on the transniission serves as 
a service brake. The entire jackshaft unit including bevel driving 
gears which derive their power fi*oin the engine, the differential 
and brake bands are enclosed in a cylindrical lioiisirig extending 
across the frame which is lubricated by oil s[)hKsli. Tlie counter- 
shaft revolves on long main bearings. AVlien it is desireil to adjust 
the high speed clutch of the transmissions sliown at A and C it is 
necessary to release the locking means and screw llie spicier imnn- 
ber carrying the clutch fingers in eloscn* to the drum li hi the 
transmission shown at A, wdiile in the Ko(*hler design a simple 
spring pressed plunger lock is j)r()vided. When it is desired to 
tighten the clutch this plunger may be Avillulrawn and the finger 
carrying spider screwed around as iiiucli as necessary. After Die 
adjustment is secured it is locked securely by dropping the plunger 
in one of the holes made to receive it on the clutch fc^raale member. 

The cJiicf trouble with a planetary transmission results from 
slipping clutch bands. In all cases these are provided with ad- 
justments ttiat can be tightened In event of wear of the friction 
linings up to a certain point. When the friction material wears 
thin, new brake lining must be riveted to the clutch bands. Cai^ 
must be taken when making adjustments not to tighten any of 
the bands too much, as if these bind on the drum they will pro- 
duce friction which results in heating and wearing away of the 
brake lining and will also decrease tlie efficiency of power trans- 
mission. Noisy action of a planetary transmission is usually caused 
by excessive wear in the gearing. Slipping of the high speed clutch 
may be easily remedied by making compensation for wear by the 
methods of adjustment previously described. When taking down 
a planetary transmission it is important to note the condition of 
the bushings on which the planetary pinion groups rotate. If 
these are worn or if the pins supporting them become reduced in 
size, the gears will rattle when in use and the transmission will 





wmm 


be noisy on low and reverse speeds and when in neutral position, 
though it will be silent in action on the high speed. 

The brake drum surfaces often become grooved, and these 
may be deep enough as to seriously reduce the strength of the 
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Fig. 328. — ^Top View of Two Speed and Reverse Planetary Gear 
Employed on Ford Cars. 


brake drum. Where this condition is noted new brake drums must 
be provided, though in some cases where tlie brake drum forms 
part of "the gear containing c6sc, as in the transmission shown at 
A, it may be possible to turn down the surface enough so that a 
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ring of cast iron or steel may be shrunk around the worn drum and 
securely retainexl to that member by pinning. It is also possible 
to fill in very deep grooves with cast iron melted in with the 
oxy-acetylenc torch and then machining off the surplus material 
in a lathe or grinder to bring the drum to proper contour. As the 
gears are always in mesh in a planetary transmission the teeth of 
these members are not likely to wear much, practically all the de- 



preciation existing on the planetary gear supporting bushings and 
pins. In some planetary transmissions the brake drum bushings 
are sliort and apt to w^car. This also produces noisy action and 
these bushings must be replaced with new ones when worn. Care 
muiSt be taken that all retaining keys and pins are not worn and 
that casing retaining screws are screwed up tightly. The instruc- 
tions given for multiple disc clutches iu the beginning of this chap- 
ter apply just as well to the clutches used iu planetary transmission 
when these run in an oil bath. 
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Friction Drive Faults and Remedies. — Many cars have been 
sold throughout the country, but more particularly in the Middle 
West, equipped with friction or rolling Iraction trailSIIliSSiODS Of 
various types. The simplest form, and the one most widely adopted 
by automobile manufacturers, consists of two discs, one driven by 
the engine, the other attached to a cross shaft in such a manner 
that it can ho moved across the face of the engine driven member 
to give tlie various spe(.*d ratios. The movable disc consists of a 
flanged east ii'oii wheel tliat is faced with a ring of compressed 
strawboard or other fibrous material, that driven by the engine is 
generally faced with an alnininum-eop))er aU(\y, as this combina- 
tion has been Found to give the best results and transmit power 
without excessive pressure to maintain the parfs in frictional con- 
tact. Those drives have net been diseuss(‘(l in trade pinnts or books 
as much as the geared forms, as it is evidently assuined that their 
simplicity makes tlnmi easy to understand and maintain. While 
there is very little to g(d out of order or cause trouble, it is possible 
that difficulty may be experienced in transmitting power and the 
mechanism eondenmed because one does )iot know where to look 
' for trouble. 

The common trouble is failure to drive properly, and this may 
be produced by a number of distinct conditions. It may result 
from aecuniulatioiis of oil on the frietioiial surfaces, which reduce 
the amount of frictional adhesion, “brooming"' of the fibrous ma- 
terial, wear at tlie face of the ahiniijuim member, spring or lost 
motion in the countershaft or lost motion at tln^ various members 
of the pressure linkage that would prevent positive contact of the 
friction elements. If the bearings supporting eitiier the cross or 
, main shaft are defective, or the tlirust bearing to which the pedal 
^ pressure is applied works stiffly, the increased friction at these 
points will cause serious diminution of power. In case slipping 
is noted, the first point t() examine is llu* contact surfaces and 
make sure that there is no excess of oil between them. If oil 
deposits are seen, they may bo removed with gasoline and the sur- 
face of the aluminiiin plate dusted over with talc or "Puller's earth. 
If the metal surface of the driving member is scored, grooved or 
roughened, it should be restored to a smooth surface hv refaoing. 
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It is possible to do this with a scraper without removing the driving^ 
disc from its shaft and turning it with the engine if care is used 
in manipulating the tool. The disc should he ^rned at high 
speed, and after the surface is smoothed to a certain extent so 
that the grooves arc nearly eliminated, it can be surfaced by 
moderately fine emery cloth held in a suitable wooden holder and 
moved across the surface by hand. If the grooves are very deep, 
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Fig. 330. — ^The Oaitercar Friction Disc TranomlBsion. 
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it may be necessary to resurface the member in a. lathe by taking 
a light chip off the face with a cutting tool. 

The paper friction ring on the driven wheel flattens out with 
use and does not last long if the pressure applied to keep the mem- 
bers in’ contact is unduly high and the surface will become rough- 
ened as well. It is customary to renew the paper ring at intervals 
corresponding to about 2,000 to 3,000 miles average road use. If 
any tendency is noted for the driven member to crowd toward 
either the edge or center of the aluminum driving disc it- can be 
attributed to wear in the countershaft or main shaft bearings that 
permits either member to sag, and then the line of contact does 
not come at the center of the discs which is necessary to secun} 
proper transmission of power. Any condition that will prevent 
positive hr true contact of the friction iriembers will caTise slipping. 
This means that bearings must be properly maintained and that all 
lost motion in the operating reals or pressure levers must be mini- 
mized. The countershaft should be very heavy and not liable to 
spring or give when the surfaces are brought together, and the 
^ frame member supporting the driving plate must be well braced 
with strong gussets to prevent distortion when i)ressure is applied 
at the contact surfaces to maintain friction adhesion, 

Two typical friction transmissions which are similar in prin- 
ciple of action arc shown in accompanying illustrations. That at 
Fig. 329 is a representation of the friction drive of the Metz auto- 
mobile. The view at Pig. 330 shows the arrangement of the parts 
of the Cartel; car friction drive. The following instructions per- 
taining to replacing the fibre when worn applies jus? as well to both 
drives illustrated. One of the good qualities of the friction drive 
^is the ease with which adjustments and replacements are made. 
The jack shaft wheel or driven member carries what is termed 
a “fibroid’^ in the Metz car, which is made in two sections to 
make for easy displacement as well as renewal. It is retained by 
a locking band secured by bolts as outlined in the sketch. For a 
period of time wear of the fibre rings is automatically taken up, 
but after considerable service and when it has become so worn that 
the clutch pedal must be pushed to its maximum position, a new 
adjustment must bo effected in tfie distance between the friction 
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wheel and the driven member. This is obtained by adjusting the 
nuts on the cluteli pedal and the drive plate bracket rods and 
with the clutcli pedal released. To rej)laeo a worn fibroid with a 
new one the bolts are removed and the retaining band is pulled 
oflE of the driven wdieel. The W’orn ring is removed in two pieces 
and the halves of the new member are placed on the rim and the 
ring or retaining band is again secured to the wheel by tlie bolt. 
The parts come all drilled and no difficulty will be experienced 
in replacing the new fibre friction correctly. 

Trouble in Sliding Gear Transmission. — When sliding gear 
transmissions are em2)loycd the jnost common .sym 2 )toTns of derange- 
ment are noisy operation and trouble in shifting gears. The diffi- 
culty met with in gear shifting, providing the trouble is not caused 
by a clutch that does not release prom])tly, is usually caused by 
failure of the edge.s of the teeth of the shifting members^ and 
ivhcu these have burred over they will not pass readily into the 
.si)ace£:! between the teeth of the gears they engage* with. Anotlier 
cause of poor gear shifting is depreciation of tlie bearings, espe- 
cially in those types of transmissions using plain bushings. Any 
wear or looseness that may change the center distances of the shaft 
to a certain degree will result in poor meshing because the relation 
of the gear centers is so changed that the pilch circles will not 
coincide afid the tooth of the entering gear may bottom on the side 
of the g^ar with whieft it should mesh. Noisy oi)eration when not 
due,, to mechanical depreciation is usually caused by a defective 
condition of itibrication. If the gears are not worn too much noise 
may be minimized to a large extent by filling the transmission case 
with oil of sufficient consistency to cushion the gear teeth, and yet 
not he so heavy bodied that it will not flow readily to all bearings 
Difficulty in shifting is sometimes due to binding in the control 
levers or selective rods, and all points of the gear shifting mecha- 
nism should work freely if prompt gear shifting is required. 

If considerable difficulty is experienced in meshing the gears 
and the trouble is not found in the gearset, it wull be well to exam- 
. ine the clutch to see that the driven member furnishing power to 
the gearset primary shaft does not “spin*' or continue to revolve 
after the foot pedal is depressed. It might be stated in this con- 
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rig. 331. — ^View of Jeffery Transmission with Cover Plate Bemoved at 
Top, Common Causes of Poor Gear Shifting Outlined in Lower 
Illustration. 


nection ihat on most of tlic inoilorn cars having dutches of such 
construction that spinning may result, clutch brakes Vire provided. 
As these are used constantly the friction pad, which is often a 
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limited area, may wear, in which case renewal is necessary to 
restore the clutch to efficiency. 

Fortunately, most gear boxes are built in such a way that the 
interior may be readily examined. An example of a large opening 
provided in a gear box by removing a cover plate is shown at the 
top of Fig. 331. This is the gearset used on the Jeffery four- 
cylinder cars. The construction of tlie various gears as well as the 
selective members is clearly shown. The control levers are attached 
to the transmission cover plate, as indicaled, but may be readily 
removed wdth the coyer by taking out the bolts holding that member 
in place and uncoupling the emergency brake actuating rod. The 
speed selector, which is actuated by the gear shift lever, fits into 
suitable depressions in the sliding gear shift rod. 

In some transmissions of the sliding gear type the high speed 
or direct drive is obtained by the sliding gear wdiich provides the 
intermediate speed having a suitable extension from its face de- 
signed to mesli with an internal gear and thus form a positive 
driving clutch to couple the gearset main shaft portions together. 
When the teeth on the male clutch member become worn consid- 
erable trouble will be experienced in securing positive engagement, 
and if the wear is such that the width of the teeth is materially 
reduced a new member will be needed. If the teeth are not wornj 
but are only burred over at the edges, they may be dressed to 
proper contour by using a very small, high speed emery wheel on 
.the end of a flexible shaft or by removing the offending member 
and grinding it in any suitable machine. 

Some garage mechanics will anneal a gear in order to soften it 
sufficiently so that the rough piece may be smoothed with a file. 
Attempts are afterward made to harden the gear and seldom do 
these result successfully. In modern gear boxes chrome and nickel 
alloy steels are used which demand careful heat treatment in order 
to secure the best quality of steel. These have been carefully 
developed by scientific laboratory tests and heat treatments are 
seldom duplicated with the equipment available in the ordinary 
repair shop. The repairman should not anneal gears unless he is 
confident tKat he can treat them properly in rohardening. This 
means that the nature of the stock as regards its chemical com- 
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position must be known and that the best quenching point for that 
particular alloy must also be determined. The use of a small, 
high speed emery wheel will make it possible for the mechanic to 
dross the gear without softening it or altering its nature, as an 
emery wheel will cut hardened steel very easily. 

Whenever an old gear is removed and is to be replaced by a 
new one, it is well to make a rough sketch of the gear you desire, 
indicating the number of teeth, the pitch, the width, the diameter 
of the gear and the size of the hole going through it. This insures 
the recedpt of a gear that will fit the defective gearbox, and not 
one for a later or earlier model oar of the* same make as that 
worked on. When the cover is off of the gearbox, as shown at the 
top of Fig. 331, it is possible to test the amount of wear between 
tlie shifting yokes and the portion of the sliding gear members on 
which tiiey fit. On some selective goarsets there is not much space 
allowed between the gear teeth, and if tlie sliifting yoke wears it 
may be possi))lo for the shifting gears to rub against one of the 
fixed gears on the ooniiter shaft and produce noise. The main and 
<X)iintershaft bearings may also be inspected and tested for loose- 
ness by grasping the shaft fii'inly and attempting to move them 
up and down or from side to side. 

If the various components of the gearset are found defective 
the g(?ar box must be taln^n apart and given a thorough overhauling. 
The means of a(*eoiiipli,shiiig tliis depends entirely upon the design 
of the cliaiige-speed gearing. In those cars where the gearset is 
mounted under the floor boards as a s<‘parate unit, the entire gear- 
box may be removed without disturbing the power plant or clutch 
assembly. Gearboxes of this form arc usually cj- the horizontally 
divided type, and when the top half of the gearbox is removed 
the various gears and shafts, as well as speed selecting members^ 
are exposed as sliown at Fig. 332, A. The first step is to remove 
the shifting members which are showm shaded at A, this leaving 
the main shaft and countershaft in place as shown at B. The 
next operation is to lift the main shaft out, which leaves the gear 
box as shown at C. After the primary shaft is removed only the 
countershaft assembly and the reverse stud gear arc left in mesh, 
as shown at D. Lifting the countershaft out leaves only the bottom 
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W ' Fig»-332. — Showing Steps in Dismantling Locomobile Four Speed 

Transmission. 

half of the goarset witli the reverse stud gear in place, as indicated 
' at E. To reassemble the gearset the reverse process to taking it 
apart is followed. First the countershaft assembly, which includes 
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the gears, the shaft to wliicli they are keyed, and the supporting 
bearings and their housing, is replaced in position. Next the 
primary shaft member is put in, then the main shaft, and lastly 
the control members or shiftijig rods, until the gearbox is again 
as shown at A, and ready for bolting the top part in place. 

The bearings used on the ends of tJic countershaft are often 
of the l)all form, as shown at Fig. Different methods of re- 



Fig. 333. — Conventional Methods of Eetaining Ball Bearing Inner Baces 
on Sliding Gearset Countershaft. 




taining the bearing in place arc followed. That at A shows the 
use of a cap screw and clamping w^asher. At B a clamp nut is 
used to press the bearing inner race firmly against the shoulder 
on the shaft, while a lock nut keeps the clamp nut in place. A 
very simple method, and one that is entirely satisfactory, is shown 
at C. This consists of grooving the end of the shaft circumfer- 
entially and putting in a split ring, as shown at C. A common 
method of retaining tlie bearing inner race, and one recommended 
by ball bearing manufacturers, is shown at D. After the clamp 
nut is brought tightly against the face of the inner race a locking 
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wire is sprung around the nut and the point entered into a suitable 
drill Jiole which goes through the nut into the shaft as indicated. 
Another method having much in its favor is shown at B. In this 
a double row hall bearing is pressed against tlie shoulder by i\ 



Fig. 334. — ^Diagram Showing Construction of National Three Speed 
Sliding Qearset. 


clamping nut which is separated from the hearing inner face by 
a locking washer of the form shown at E'. This has one projection 
on its inner periphery designed to engage a keyway cut in the 
shaft The projection on the outer periphery is intended to be 
bent around one of the facets of the nut to hold it in place after 
it has been^-firmly seated against the lockings washer and bearing 
inner race. Complete instructions for the maintenance and instal- 
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lation of ball bearings and other ajili-frielion forms will be found 
in Chapter IX., which deals with rear axle construction. 

The construction of a typical throe speed forward and reverse 
|4elective transmission showing ball bearings and gear shift members 
is clearly show’n at Fig. 334. This has the gear shaft and emergency 
brake levers carried l)y a snitablc sux^porting castijig forming part 



Fig. 335.— Three Speed Sliding Gearset, Forming Part of Bear 
Construction of Overland Automobiles. 


of the gear ease cover. In this gear box single row ball hearings 
are used at all points, except to support the telescoping end of the 
main shaft, vv'hich fits into the primary shaft and which rotates 
on a roller bearing. The primary shaft is supported by two single 
row bearings, the outer one being clamped so it holds the shaft 
steady while the inner and larger one has a floating outer race. 
When a ball bearing is clamped on both inner and outer races it 
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will take end thrust as well as radial ]oa<l. A llirust is usuallj 
an endwise load, while a radial stress is a load a])pli<‘d from an 
up-and-dowii direetion or sidewdse. Tii this .i^earsct the bcariii" 
inner races on the eoiintersliaft are pushed on ti^ihlly, tliese heii\g 
a forc(‘ fit on the shaft ends. No retention ni^*ans an* provid<'d. 
The general eonstnietion of this gear l)Ox, wliieli is Unit used on 
Nhitioiinl ears, is so ehsirly shown that further description is un- 
necessary. 

A three speed and reverse sliding gear set that forms part of 
the rear eonstnietion on Overland cars is cleai*ly shown ;it Kig. 



Fig. 336. — Four Speed Selective Sliding Gearset of Approved Design. 


335. In this the primary shaft is carried on single and double 
row ball bearings, while the end of the main shaft to wliich the 
bevel driving pinion is secured is supported by a large double row 
bearing w^hich is capable of taking end tlirust and. radial load in 
combination. The single row bearings on the end of the counter- 
shaft arc subjected to radial loads only as the countershaft is kept 
from end movement by simple thrust members composed of a steel 
ball fitting into an adjustable screw plug. The gear shifting forks 
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Fig. 337. — Showing Application of Three Speed Sliding Gearset to 
Studehaker Bear Axle. 


are attached to the gear shifting shafts by means of taper pins 
wliich may be driven out to release the forks and permit of taking 
the transmission apart by removing jiipe plugs in the side of the 
gear case which gives access to the retaining pins M'hen the slidiiig 
• gear members are in the neutral position as indicated. 

In some gear boxes, especially those used on high-priced aut'J- 






690 


Automohile Repairing Made Easy 

mobiles, the gears are in the form of rings which juay be bolted to 
the shifting members and to flanges on the countershaft as shown at 
Fig. 336. The point iuh’anced in favor of this construction is that 
it is possible to renew only the defective toothed ring instead of 
replacing an entire shifting member as is necessary wdien the gears 
and hubs are formed, integrally. It is also contended that tlie use 
of bolts to liold the gears firmly against flanges machined integrally 
with the countersiiaft makes for more secure attachment than the 
cheaper method of keying. The gear box design shown is used only 
on high-powered cars, where secure means of retaining the gears 
are absolutely nee(?ssary. A gear box of this design is very costly 
to manufacture, but it is elioaper to keep it in repair than the 
simpler forms. 

The change speed gearing is often coiiil)ined on the rear axle, 
as shown at Fig. 337. This outlines a top sectional view^ through 
the rear coustruction and a side sectional view showing the dis- 
position of parts very clearly. It will be observed that the bevel 
pinion carried on the back of the main shaft drives the bevel ring 
gear attached to the differential housing directly. As the gear box 
is part of the rear construction it is possiblo«to secure exact align- 
ment between the driving gears, and no power is lost due to faulty 
alignment between these members as may sometimes occur when 
the gear box and rear axle are separate components and the frame 
is distorted duo to rough roads. 

A four speed gear box having clutch integral, a somewhat vui- 
commoii construction, is shown at Fig. 338. This design is used 
on some models of the AVinton automobile. Three shifting yokes 
are used, shift member A controlling the direct drive, which in 
this case is a third speed, and the second speed. Shift member B 
gives the first or lowest forward speed and the reverse ratio. Shift 
member C is used to engage the fourth si»ced, which is a high ratio 
obtained through speeding up gears instead of reduction gears, 
With gear sets of this character all normal driving is intended to 
be done on the third speed or direct drive. The geared-up fourth 
speed is called upon only w'hen conditions are favorable and high 
vehicle speed is desired. This gearset is a form in which but little 
clearance obtains between the shifting members and the non-shift- 
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ing gears, and is a form where depreciation of the shifting yokes 

may result in the gears gratiug even when in neutral position. 

In those forms of gear boxes where the ends of the shafts are 
supported l)y single row ball bearings with no special provision 
for end thrust, noisy action may result in a very .short time due 
to misalignment of the ball bearings at the end of the shaft. AVlien- 
cver the shifting members are moved tO change a gear a pressure 
of from 7 j 3 to 100 pounds is exerted througli the shifting yokes on 



^ (ICT^ 

Pig. 338.->7he Winton Four Speed Sliding Gearset, Having G 

High Speed, and with Clutch Carried in Gear Case XSxtei,*^ 

:he car 

the sliding gear inciiibers, and if tliese do not engage 
this pressure becomes an end tbrn.st in the ball bcrtring. 
when these are new and practically imu.sed that this p^^^J t?ross 
be resisted without pushing one of the ball races a 
line with tlie other. As soon as the wear in a radial I 
amounts to a few thousandths of an inch, wliieh 
ciably affect the radial capacity * jf the bearing, the 
to end thrust or lateral pressure to a certain extenf^*"'^ 
wise movement of the shaft results Vfiienever an 
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applied due to poor engagement of the shifting gears. It is Jiot 
oiily the pressure from the gear lever tliat must be taken into 
account, but tlie endwise slioeks received in changing from a lower 
to a higli gear also assist in producing dei)reeiation at th(‘ bearing. 
Tlie theoretically correct parallelism of the main and counter shaft 
is eventually lost if a suitable allowance in the dimensions of the 
different ball bearings docs not serve to equalize the wear due to 
radial load in tJie ball bearings at both ends of eacli .shaft. As 
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Iho gear tooth pressure is liighest at the ends where it is trans- 


mitted with a large speed reduction to the low gear, tJiis point 
applies specially to commercial vehicles in which the low gear is 
used more .than in pleasure car service. 

Where the use of special end thrust l)(‘arings is considered too 
expensive, adjustable liardenod end thrust.sustainii\g members, such 
as shown at Figs. and 338 , may be used at the ends of the 
countershaft. Owing to tlie lack of solidity of aluminum g(*ar box 
castings, it is usually the plan in constructions of good design, 
such as at Figs. 332 , 334 and ? 36 , to mount the bearings in llaiige 
steel or bronze liousings in oi’der to enlarge tb(3 areas ovei* wdiich 
the bearing pressures are transmitted to the soft alijimiuuir.^^ Noisy 
gear box action is sometimes produced due to t: ' w'alLs 

which possess sound magnifying qimlitics, and this fea*,^ ’one 
may multiply the volume of noise that w^ould normally be caused 
by the gear action three or four times, especially if the bearings are 
?ted in '"ich a "way as to set the gear box in vibration wdieii w’orn. 
\y noise can be reduced is by kee])iug the ball bearings 
audition and filling the gearset with a viscous lubricant, 
e mineral grease, wJiicli will provide a cushioning effect 
» '-^-«tion produced by roughness in either gears or 
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Trouklcrt — J'roiiL WJioid Adjuslineiit — ^lufllcr Faults — Chassis Lubrication 
— Locatin'' Acclylciio tkis Leak. 


Even aftcir tlio i)ow(*r ]i]ant nnd <;earset have received attention, 
thciv‘ are jiuin(»rons points about the chassis of the car that should 
be inspected if a thorough overliaiiling is calh'd for. The chassis 
of any well built car will need but very little attention if the 
various parts are \v(*]l oiled until it has been) used from ten to 
fifteen tlionsaiid miles. After this distance Juis been covered, the 
motorists will ])r()})ahly be annoyed by a series of scpieaks and rat- 
tles, even thoujyrh tlie eiigrine and gearset are in perfect running 
condition. These rattling noises indicate \v(*ar at a number of 
relatively unimportant bewaring j)oints, and even though the depre- 
ciation is slight, the looseness ^nt the multiplicity of small joints 
w’ill produce a noise that w’ill be unmistakable wl enever the car 
is operated on other than i)erf<H'tly smootli highways. Among some 
i^if th(i things to l)o hn)lrcd for are w-ear in the various control 
'viikage m(‘mb(‘r.s, sagging or bent frame side inembeivs, loose cross 
members or gusset plates, due to rivets having loosened up in ser- 
vice; stiff action of tlie springs, due to rust aceiiniulaling betw'een 
the leaves; 1oos(uk?ss in the steering gear and steering connections, 
lack of alignment of the front and rear wheels, looseness of the 
wheel hub bearings, and munerous other conditions that wdll be 
enumerated and discussed in this and the following chapter. 
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Fig. 340.— Plan View of tie Cadillac 1916 Chaseu, Showing Location of 
Eight OTlinder V Motor and Unit Gear Bet 
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Chassis Types. — Before discussing the points to be inspected 
and the manner of making repairs vvlieii defects are found, it may 
be well to describe briefly some of tlie typical chassis constructions 
in order tluit the novice repairman may get an idea of tlie rela- 
tion of the parts in cars of convenlional design. The side and 
plan views of a National four-cylinder cliassis are shown at Fig. 
339, all the important (:oin})onents hoing el(‘arly indicated. This 
may be considered a good example of high grade ear construetion 
in which tlie power plant and elmnge spe«Ml gearing are separate 
units. As is ajipareht, the engine may lie removi'd fj'oui the frame 
witliout disturbing tlie ehange speed gearsot wiiile the gear box 
may bo taken out Avitliout requiring the i*emoval of tlie engine. 
The general construetion of this chassis is efuiventional and foUow’s 
established automobile engineering pi aetiee. Tt has the virtue of 
having the parts readily aeeessilile so that rejiairs may he easily 
made without disturbing other components ('xeopt those that are 
to he Avorked upon. 

Tlie plan view at Fig. 3-10 shows a chassis (»f rocent development 
produced by the Cadillac C'ompany which is provided wdth an 
eight-cylinder V engine having the transmission gearing imiorpor- 
ated as a unit with tlie engine <*raukease. Tliis construction is more 
accessible than the usual unit power jilarit is, owing to the design 
wdiicli permits of removing the transmission case from the engine 
base without disturbing the pow’er jilant. In all other respects 
this chassis follows conventional practice. The important parts 
are clearly shown and no diflficultj^ should be experienced in iden- 
tifying them on the actual chassis. 

The repairman will be more often called npon ;,o repair motor 
trucks in the future than lie has bc'cn in the x>ast on account of 
the increasing popularity of the heavy duty vehicle. Tlie chassis 
construction in the main fullow's the design estal)lish(‘d in pleasure 
cal’ practice, excepting for the use of much stronger parts and a 
tendency to use standard structural steel shapes for frames liislead 
of the special pressed steel side members commonly found in pleas- 
ure car service. Tlie average truck cliassis will have a pronounced 
overhang over the front and rear axles in order to obtain a body 
of sufficient size without unduly increasing the wheel base. Gear 
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' driven trucks do not differ materially iii coTislruction ns far as rcla^ 
tion of parts is eoiicornecl from i)leasiire cars of tlic present-day 
typo. The worm drive, and double reduction a^Eles are rapidly 
gaining favor and the conventional side chain drive construction 
to which most of the trucks have been built is’ gradually being 
displaced by the more modern forms having a live axle instead of 
the fixed non-rotating member shown at Fig. 342. It will be re- 
membered by those who have had automobile expirience, dating a 
number of years back, that many of the powerful pleasure oars 
"^^vere fitted \Nith side chain driving systems. The power transniission 
was to a jack shaft whieh was practically a live rear axle, having 
sprockets at llie axle ends instead of wheids, and from that member 
to the rear wheels, which were revolved on a nonrotatalile axle by 
means of dj-iving chains. The process of takijig down a motor 
truck chassis and the points to inspect fur dcpn cialiuu would not 
differ materially from that used in repairing a pleasura car assem- 
bly. Owing to the use of solid rubber tire.s, a motor truck is 
subjected to much more vibration than a pleasure car, and con- 
siderable more att(‘nlion should be given to the running gear 
parts, as these may become loose much sooner tliaii on the pleasure 
car, where all of the load is carried by very resilient pneumatic 
tires. 

No treatise on automobile repcairing would be complete without 
showing details of the Ford model T automobile, wliicdi is Ihe most 
widely used motor vehicle in the world. Tlio road< r’s attention 
is directed to the very clear sectional view shown at Fig. 343 for 
an idea of the arrangement of parts on tins universally used motor 
car. The various parts are clearly outlined and i lay be located 
by following the leader lines to their terminatiiui at the arrow 
'^poiiit. The other end indicates Ihe name of ll^e cora])oni‘iit. The 
plan view at Fig. 344 gives an idea of the api)oarance whcji viewfMl 
from the top. 

Dismantling a Chassis. — The various st6ps incidental to" dis- 
mantling a motor car chassis to give all parts a thorough over- 
hauling is shown at Fig. 345. Tlie plan view .showing Ihe appear- 
ance of- the chassis of a Locomobile car at A denotes the appearance 
after the body and fenders have been removed. It is always ad- 
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visable to remove' llie^ }) 0 (ly jiiul the mud guards before any work 
is (lone upon the chassis, and in case of an (*xtendod overhauling 
inucli time can be? saved by sending the body and guards to the 
I»aiiit sho]) while work is being done on the chassis. This is de- 
sirable be(*ous(' th(' finish of the. body is miicli more important than 
that of the chassis parts, and it takes more time for the painter* 
to do an enduring painting job on tlio body than cm tho running 
gear. Tlie lu'xt st('p is to remove tlic running boards and running 
board irons, if th^^se nnmibcrs are fastencid to the frame Iry l)olts. 
Tf the ruiiiiing board supporting members are riveted to the frame, 
it is not nec(‘ssary to remove these unless tJie frame side member is 
to be re-enforeed. The wlieels are nunovi'd from llio front and 
rear axles and the frame supported by si)(*eial jaeks. Those may be 
easily made* by using substantial east iron bas(^ plates about a foot 
in diamet(ir in v.hieh a 2 )icee of two-inch pip(^ is s(‘rew(uL A 
sliding arm of cast iron made with either a earn or gib keylock, 
or haying a sli’ong set screw to keep it in place* when it is sot at 
the"'proi)er height, is adapted to move ii]> and down the pipe. In 
some cases holes are drilled through tho pip(j and a stop pin used 
through it on whieli the supf)orting arm is ullowi'd to rest. These 
frame supports have the advantage of not iJiterfering with tin* 
removal of the various chassis components as tlu'y support the car' 
w’eight directly under tlie frame sides inst(*ad of through the ine- 
dium of the axles and springs as the ordinary lifting jacks do. 
Four of these stands are used, two on each .side of the car. , 

The appearance of the chassis with the running boards and 
wheels removed is shown at Pig. 345, B. The next step is to re- 
move the radiator, the steering gear and the change spewed gear 
controlling members. The clutch and brake pedal cross sliaft may 
also be taken from tfle cliassis at tliis time. This leaves the frame 
in tlie condition slunvn at C, Pig. 345. The next step is to take 
ofC the rear axle, including the propeller drive shaft, torque numi- 
ber and radius rods. The chassis tlien has the appearance as at D. 
After the removal of the cliange speed gearing the parts loft are 
shown at E. The dasliboard assembly and the engine are next taken 
off the frame, which leaves the frame as shown at P. At this time 
only the front axle and roar springs arc retained. AViien all the 
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Fig. 344. — ^Plan View Showing Location of Chassis Components of 
Ford Model T Car, 
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l>cir1s, Hit* front axlo taiul llie front and mir .spring’s, are 

r»‘niovrd jiulhinj:'- but Hip bare fraiiii’, as sluhvii at (i, is Ij'l't. 

It is s('blo]n ^iie('(*ssary 1o strip a car down to the shown 

at F or (1, indcss rc'pairs arc needed on tin' frame and tlie injured 
])arts caniiol be i*eached with Ihc various powjo* i)laut and trans- 
mission units in phu'c. The reason for the removal of such j)arts 
as the jnoior, slcpi'in^ j^car, clianj^o spc(‘d ^ear box Ciiid axb\s is 
that thest^ can always b(‘ more conveniently worked oji if supinmtod 
on special stands adapb'd to n-ccive them. .Afany of these bave*^' 
been tlcscrilM in an eai’lic*r cliaptvu’ wlien s])eakin‘i‘ of sln)p fnrni- 
lurc. Obviously tin* ju’ocess of rcassembrin.j? wonhl b(‘ just tlie re- 
verse of that ontliiird for takin**; the chassis apart. Starting’ with 
the hare frame shown at O, one would add the spriii^^s and froid. 
axle as at F, tlnai install the power plant and dashboard asscnihly 
as at F, eoiijde ii[) the cdian<»e speed p'earin^ as at D, then pi;t in 
the rear a-\le and the vai'ious eoimeeliojis as at (\ The stcerijjff 
gear, radiator and various eoJitrol rods and levers w'ould then be 
l)nt in place', as well as tfu^ mnftlcr assejiibly, whieli wonld brinjnr 
tlio chassis to the almost ooinpleb'd state ontlined at F>. The addi-#' 
lion of lli(' ninninj? boai’d.s and their supporting irons, tluj wheels, 
brakes ami brak(' roil linkage, would ihcn eomxdcle the chassis as 
showji at Fig. ddf). A. 

The various i'(dentiou means, such as holts and locjk washers, as 
well as other forms of lock menibers, arc described in the chapter 
dealing with sj)crial repadr processes. The most common form of 
nut rett'iition is hy employing a ^plit pin in connection wdth a 
castellated imt. A number of tools have been described for cotter 
pill removal, but many owners of ears do not possess anything but 
the tools furnished with the repair kit. Two methods of (king* 
this work easily wliicli do not rcfinire the use of a spi^cial tool are 
shown at Fig. IW6. One of the best Avays for getting an ordinary 
split pin out of th(^ hole is sliOAvn at the top of the illustration. 
The pin is graspc'd hetAveen tlie ordinary combination plier jaw^s 
iind a hammer is used against the plier to draw out the pin. The 
other method, Avhich is shown below, consists of inserting a'slet'l 
drift pin or nail set through the hole in the cotter ])in head and 
then striking t!ie drift Avith a hammer. It will be found that tlie ^ 
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roinovji] oF pin Vv ill l)t* (■(Hisi«l("rably by s([nroziiig tlie 

if lli(\v jirt* sprojid, willi liu* pl'u'rs b(*F(ii'«‘ attoiiipluig 
lo witlidraw \]\c p''i from tin? luAo. 

A VPry jrood 

of fsiipix*!-!!!!*;:: 1 ho .froiih 

or roar oiul of a djo- 

lor car J'rainc, if there* 

arc projoctiii'i' ])aris, 

is s!i*)vvn al dlT, 

'^I’liis consists of plar- 

a Hat ha I- of slcrl 

nndi'r llie fraiiio jiwl 

bae'k of tin* s [) r i II 

huj’iis^ and hy nsiiiiL^’ a 

'wooden liorsi; or Ire'sMe 

nii(h‘r tho iron liars to 

s II p ji 0 r 1 lln^ 'Nvid^rlil 

of the vehii'le, 'Phi' 

spriiijrs may then be* 

taken oif without dis- 

iurliing tin* axle ami 

sleeriner eoiiiieet ioji, if 

thefio-aiv the (»nly mom- 

bers that d<*maud al- 

tenlioii. If il becom(‘S 

jK^cessary to mov(* llu^ 

, ' .. ■ 1 Fig. 346.— Simple Method of Extracting 

car at any twu. wlnlc g^j.^ hotter l ins. 

tlui horse is in place, 

•the space betw<*en the frame ami axle may be filled by blocks of 
wood, M’ln'ch become temjnmary sjiacinfjj: mombors and which will 
permit the weight of tin' car to resl on the axle. The same, method 
may be us^ in supporting the Frame in event of a complete over- 
liaiiling bluing necessary. 

Straightening Bent Frame Member, — One of the most common 
repairs to a frame is straightening a spring horn or dumb iron in 
event of a collision. A very simple and effective method of per- 
forming this work is shown at Fig. 348, providing that the frame 
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Fig. 347. — Outlining Method of Supporting Front End of Motor Car 
Frame When It is Desired to Eemove Either Front Springs or Front 
Axle. 



Fig, 348. — Showing Method of Straightening Bent Frame Side Member. 
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Straightening Bent Frame 

is bent forward of the radiator support and that tlie shock has not 
cracked or materially injured the metal. If the frame side is 
cracked it will be well to straighten it to its original form and then 
fill in the cracks with new steel by the oxy-acetylene process. If 
the frame is merely bent, straightening to its original form will be 
all tliat is necessary to effect a pc'rmaneiit repair. The radiator 
should be removed, as well as the front axle ajid the springs. The 
front of the machine is supporled by' blocking under the frame 
memb<‘rs or ])y any suitable staiul. The body should be raised.from 
the chassis about four inclu's at the front end so that a loop of 
chain can be j)assed aronml the frame member to a(;t as an anchor- 
age for a piece of joist used in straightening the side members. 

A pi<‘ee of sheet stc^el is placed under the frame and supported 
by the box, the top of which has been covered with about 3 inches 
of sand. A rough furnace may be constructed of firel)riek and the 
frame covered with charcoal, a slab of fii*el)rick serving to keep 
the heat confined to* the bent portion of Ibc frame. A large gaso- 
line IjIow torch is (unployed in connection witli the burning charcoal 
and sufficient lu'at is applied to bring the frame side to a cherry 
r(Hl heat for st'veral inches each side of Ilu‘ bend. The torch is 
s*'t aside and while one man carefully manipulates the jack, which 
is best ])bKM'd against a piece of board nesting on the frame member 
at tlH» j)oint Avliei’C the engine support is bolted or where a cross 
))raee is rivided, an assistant facilitates flic work by liammering 
and contouring the heated section to bring it back into shape. A 
blacksmith’s flatter” should be inter])osed bet-woon hammer and 
frame in order not to dent the frame si<le, as mijdit be done if 
the hammer blows w'^ere directed against the heated member. The 
straightening can be doiKj only while the frame member is hot 
enough to show color, and as soon as the redness is lost the torch 
must be again applied to heat the bent section before any further 
work is done. A block of wood may be interposed betw^een the 
frame channel so the chain or bar loop at either end of the beam 
does not crush in the metal where i^ressure is applied. The sketch 
plainly shows the manner of doing the w^ork and the use of the 
tools to effect a very satisfactory restoration. 

Trussing Weak Frame. — The frame side members sometimes 
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flag after the car has been used for a period, especially if it is 
operated at iiigli speeds over rough roads, or in the case of a motor 
truck that has tieen made to carry overloads. A weak channel sec- 
tion member of this character can he made stronger hy cither of 
two methods. It may be re-enforced by a plate riveted to the 



Fig. 349. — ^Methods of Bepairing Cracked Frame Side Member. 

interior or it may be trussed hy truss bar and turnbuckle arrange- 
ment. Sometimes a plate i.s added to both inside and outside of 
the frame and the whole held together by rivets or bolts. The 
best method where conditions permit is to use the inside re-enforce- 
ment as shown at Fig. 349, B. When correctly applied, and pro- 
portions properly worked out, this results in the greatest strength. 
The sketch shows two common method.s, one correct, the other in- 
correct. Instead of using a udde flat plate, slightly greater in 
height than the inside distance between the upper and lower flanges 
of the channel, the re-ehforcing member should fit the interior of 
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Ili3 chaiiriLl closely, as at B. Tlie wide i)late method xSliown at A 
is wronjr for two reasons, the first being tliat the main frame gains 
little strcngtli from the plate and but a small amount from the 
fastening, where the mount iiig is sueh that tliese are subjected to 
internal stresses which may break them without considering the 
(‘xtenial fon'es aeting on the frame. Tlie fillet iji tlie corners 
of the ehaniiel make tlie accurate fittijig of such a plate a. very 
tedious job, so that usually a compromise is accepted and tlie re- 
lenforeing riieml)ei\s driven in by brute feu’ce. 

The roj^air plan outlined at B is a much better one, as in this a 
wid(‘ sheot of fairly thick metal is forged to channel shape so it 
ills the insiile (jf the frame elosely. The contour of tlie interior 
of the seel ion may lie readily found by making a template of light 
slieel jiKdal. Tlni iv'-miforcing immiber slnmld h(‘ just a tritl(' larger 
than tlie inter ior of tin* frame, as it mnsi be driven in pla(*e Avhen 
ass(*mhle(l. Jl is (Ikui altavlied lo tln^ side as well as at tin? top 
and bottohi of the cliannel by bolting or riveting. These fastenings 
lend mui'li slilVness and strength while the phn'ing of the retaining 
< 1 ^ bolts (.r rivets will not allow of any shifting of jiarls after the 
ri*-eijfoi*eing plab' is one(‘ instalJ(‘d. AVbiie it j'c'ijuires a little more 
time to make than the former, it will give eonsidi^rably more 
strengtli and last Imuiy limes as long. If tin? weak spot or crack 
is at only one iioint, a len-iueh plate will do, but if the weak zone 
is wider than tliis greater lengths must be used. Tlie method out- 
lined to the I'iglit of B involves i)lacing plates on both sides as well 
as top and bottom of tlie spring horn. This repair is an unsightly 
one and a much better repair can be made by using t 'e autogenous 
wielding process instead of the clamping plates. No matter what 
^process is employed, it is necessary to bring the injured i)ortions 
of the frame t(«getlier in the same relation they occu]>ied before 
fracturing. 

Sagging side members in cars of the form whore the engine and 
gear box arc separate units may not be apparent except by diffi- 
culty in gear shifting, owing to lack of alignment between the 
clutch and gcarset shaft or binding in the gear shifting mechanisnu 
This condition is specially noticeable in cars using wood frames* 
.When the construction permits, a truss rod forms a very effective- 
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moans of straighteninf^ up a sagging side member and preventing 
a recurrence of that trouble. ' The illustration at the lower part 
of Fig. 349 shows one method of re-enforcing a side member, though 
the adjustable member, to draw the frame together, can be just 
as well made in the form of a turnbuckle and placed on one side 
of the brace rod. In the cut letter A indicates tin; side member, 

B the repair plate with sliding bolts and lock washers, C the truss 
rod and manner of attachment, D a bolt with an enlarged sux)port- 
ing head, f] the flat enlarg('moni of the truss rod to secure siifficient \ 
nfctal to have a hole to receive the truss bolt D, F a tension nut 
on the truss l)olt. The advantage of this repair is that it may 
be made at any country blacksmith’s shop, whereas the fitting of 
a turnbuckle usually requires machine shop facilities. The boll 
is ])laced under the cracked portion indicated by X, and tension 
is produced in the truss rod C by screwing down the mil F on 
the bolt D. The truss rod may exiend^from the front to the rear 
end when the side member is sagging, and would be longer than 
that indicated for supporting the cracked side members. Tn this 
case the truss would resemble that used in bracing freight car 4 
floors, in that it would liave two supporting members in the form 
of castings under the frame spaced far enough apart so there wull 
be a length of straight rod joining them in which llie turnbuckle 
Avould be placed. The best method of anchoring the ends of a 
truss rod to a frame is to make an eye member in each end of the 
rod and to have a forge<l 1 member with a flattened portion that can 
be fastened to the frame side by sulistantial bolts to attach tlu^ 
rod ends to. Care should be taken in tightening up the truss mem- 
bers not to buckle the frame side rail to the other extreme after it 
has been straightened out. ^ 

It is not unusual to find the rivets at the corners of a frame 
or thase holding cross members and gussets or re-enforcing plates 
loose. If they are not very loose, satisfactory repairs can often 
be made by peening them over again, using a heavy hammer and 
a suitable anvil or rivet set to receive the force of the hammer 
blow. A rivet set for frame work may be easily made by taking 
a large bar of square or round section iron or steel, three feet long 
and two inches in diameter, and turning up one end at right 



Resetting Frame Rivets 

angles to the bar about three or four inehes back from the end. 
Both ends are then tapered down so that the area is approximately 
an inch square. A suitable counter sunk depression is then made 
to receive the rivet head at each end of the bar ; one may also be 
placed on the side of the bar about an inch from the end. This will 
permit the use of the same bar in corners as well as on rivets so 



rig. 360. — Showing Construction of Seml-Elllptlc and Three-Quarter 
Elliptic Springs. 

placed that the length of the bar does not prevent it being held 
against the rivet heads. Two men are required to do a good job 
of riveting, one to manipulate the riveting hammer, the other to 
hold the bar up against tlie rivet and absorb the impact of the 
hammer. If the frame members are very loose it indicates that the 
rivets have become reduced in diameter and partially sheared. 
In cases of this kind nothing will be gained by peening the rivet 
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heads over more. The only safe remedy is to chip off the rivet heads 
Avitli a sliarp cold chisel and then knock them ont of the holes with 
a steel drift. The holes arci then drilled to the next larger standard 
rivet size and new rivets secured. These are usually of Norway 
iron, and should he heated to a red heat in a gas or coal forge 
before being headed up. 

Care and Repair of Springs and Spring Parts. — There is no 
more annoying condition to the motorist who desires a smooth run- 
ning and quiet ear than continual scpicaking noises due to dry-j 
running gear components. Tf the springs squeak eontimiously, and 
their eoiui)hiint does not eease after a thorough oiling of the sus- 
pension joints and shackles, there is no cure other than intro- 
ducing lubricant between the leaves. The best method of doing 
this is to take the springs apart and place liberal quantities of 
graphite greasf' between tJie h*avcs liefore assembling them and 
remounting. Before commencing operations the chassis should be 
securely supported and blocked up to take tlie load off both springs 
at the front or rear, as tlie case may be. A good method of doing 
this is to lift the ear by jacks and support it from the spring 
hangers by a heavy iron bar or w’ooden beam placed directly under 
them and between the springs and the frame, as sliown at Fig. 347. 
The weight may be taken by a wooden trestle or siiitable blocking. 
Another method is to relieve the weight of the car by raising the 
cross piece with a chain fall or portable crane. When the load 
is taken from them, the springs will assume their natural pasition, 
and it will be comparatively easy to release the spring clips holding 
them in place at the axle and the shackles and take them apart. 
When reassembling, fill up all of the holes in the shackles and 
bolt eyes with grease. While the spring leaves are separated it will 
be well to remove all rust from the surfaces by scraping and then 
smoothing with coarse emery cloth. 

^Various types of springs that have received general application 
are shown in illustralions Figs. 350 to 353, inclusive. That at 350, 
A, is one of the? most popular spring types and is called the ''semi- 
elliptic”; the form at B is known as the "three-quarter elliptic.” 
A platform spring susr)ension consisting of two semi-elliptic springs 
parallel to the frame side member and one semi-elliptic spring par- 
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allel to the rear cross member joined together by double shackles 
k shown at Fig. 351. The cantilever form of spring which is now 
assuming some ijromincnco is shown at Fig. 352. The ‘‘full ellix^tic 
spring,” outlined at Fig. 353, is not as popular as it used to be, 
and is found on cars of several years l)ack ratlier than on pres- 
eiit-day models. There are two notal)le exceptions, however, the 
Frajiklin and the Jackson, wliieh .still use the full elliptic con- 
struct ion. 

It will be observed that there are a number of points about 
springs that demand atlenlion besides the spring leave.s. These 
iudiule tlici spring supporting shackles, the shackle bolts, the spring 



retaining dips, and the rel)oiind clips. Ther-^ is considerable di- 
versity ill the design of the sx)ring leaves and the finish at the 
end of each member. The nomenclature of the various finishes 
recommended by the S. A. E. is clearly illustrated at Pig. 354, A. 
The usual construction of a spring clip is shown at IJ. The ap- 
proved type of spring shackle is shown at C. As will be apparent, 
lliis member consists of two side links and two bolts holding them 
in jilace to tlic spring eyes. On modern cars the holts are provided 
wnth STn«nll grease cii})s and with pa.ssage.s drilled through them, 
through which lubricant may be inirodueed to the bearing surfaces. 
The spring eyes are bushed with bronze bushings, w’hich may bo 
renowned easily when wmrn. On ears several years old this pre- 
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\ 

caution was not taken except on those high grade makes where ^ 
cost was such as to warrant the expense. To-day, practically a. 
cars, even though selling at moderate prices, are provided wit 
this refinement of detail. Where no provision is made for lubri 
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Fig. 352. — Cantilever Spring, as tTsed on 1915 Automobiles. 


eating the shackle bolt, and where the hard steed spring eye bea ; 
directly against it, it is not unusual to find these bolts worn ha 
way through after a season ^s use. Even when the bolts are of th 
lubricated type, it will be found advantageous to take them ou 
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, j iicasionally and clean out any hard grease that maj' have aecumu- 
lated in the passages or between the bolt and the bushings. With 
the old construction the bolts were usually left soft so as not to 
wear the spring eye. For this reason they wore rapidly. The only 
remedy is to replace the worn bolts with new ones of the proper, 
size. 

If dismounting the springs is considered to be too strenuous 
a t.;sk, graphite and cil may le introduced between the leaves by 





Fig. 353.-^Appllcatioii of Full Elliptic Springs for Supporting Bear of 
Automobile Chassis. 


using some form of a spring spreader. Block up any lifting' jack 
so that when the ram is at tlie lowest point it can just be intro- 
duced between the blocking and the lower flan ge of the frame at 
e spring hanger supporting the spring first operated upon. If 
e jack is screwed up until the tire is raised clear of the ground 
;his will cause the weight of the wheel and a portion of the axle 
to be suspended from tlie frame through the spring, and if no 
rebound clips are provided and the spring retaining clips are 
loosened slightly, the leaves will probably be easily separated by 
the introduction of a spring spreader. The graphite grease may 
then, be introduced between tlie leaves with a piece of tin or oil 
may be applied with a hand oil cup. A handy device for use 
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ill gjirages, and one that can be easily made by the repairman, is 
shown at Fig. 355, A. This is easily forged out of soft steel, and 
if necessary the wTdge-shape tips may be case-hardened. The 
handle should be made of such length that no great amount of 
strength will be needed to spread the springs. The method of use 
is very simple and is clearly shoivn beneath the cut of the tool. 
Another form of spring spreader ivhieh may be procured of any 



Fig. 354. — Defining Designation of Finishes of Spring Leaf Ends, 
B — Showing Construction of Spring Betaining Clip. C — Section of 
Spring Shackles Using Lubricated Shackle Bolts. 


accessory dealer and the method of use is shown at Fig. 355, B. 
This, has the advantage of being readily adjustable for different 
widths of si)ring.s. 

A simple device that has been iveenlly introduced for the 
purpose of feeding lubricant between the leaves of a spring con-’ 
tinnally, and just where the lubricant is needed, is shown at Pig. 
355, r. This is known ns the Dann insert, and is a i)iece of special 
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flexible metal, having maeliine-piinched, staggered holes as shown. 
These holes are filled with a special grease having a melting point 
of over 200° Fahr., and on both top and bottom of the metal 
strip a piece of prepared wax paper is ])laced to retain the lubri- 
I- cant lodged in the holes of the metal strip. The strips are cat to 
the ]>roper length and placed between each pair of spring leaves. 
The inserts may be procur(^d in sets, all cut to proper length, for 
tlie si)rings of staiuiard cars. Tt is slated that after the inserts 
are jdact'd in a .S])riiig the rubbing aelion tends to w'car off the 
wax papier and permits the grease to ilow between the spring 
leaves. As Wui grease is retained in ])oek('1s, it is not a])t to 
run out at the sides of the leaves and spoil the finisli of the 
ear. 

^ The following advie(^ on the care of motor truck springs was 
taken from a paper reail by John (J. Tlz before tlie H. A. E., (jiul 
as many of the points meution(‘d Ihereiji apply just as well to the 
fi’ame supporting members of pleasure automobiles, they are re- 
tained and ean be followed to advantage by the motorist and re- 
l)airman as well as the motor truek driver. 

Keep Clips Tight. — Spring clips slioidd be inspected at least 
once a week and tightened as much as possible, if the clips be- 
come loose, the spring will break betwetni the clips. If there is 
undue stretching, of the clips, the difficulty might be overcome by 
f having new clips made of better material, as it is always cheaper 
to replace clips which are too light than to have broken springs 
as a result. The bearing place upon which the spring rests on the 
axle should absolutely conform to the curvature cf the spring at 
that point, as sufficient bearing surface is just as important as 
tight spring clips. 

Hints on Repairs. — If a spring plate should break, it is im- 
portant to have it repaired or rojilaced immediately by a skilled 
spring maker. Quite often a break in a plate occurs at a place 
where it does not immediately cripple the entire spring, but it is 
Simple to understand that the breaking of one plate throw's extra 
work upon the other plates wdiicli will break in turn. If one of 
the intermediate plates should break at the center bolt, the spring 
clips should be tightened dow^n until it is possible to have 
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ng. 365. — Metbods of Inserting Lnlincant Between Spnng Leaves 

Prevent Squeaking. “ 
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^tho break repaired. Very often rebound clips are loose and 
broken. Missing rebound clips very often result in broken main 
plates. 

On chain drive trucks there is always an ample allowance for 
(idjustment to offset the stretch and wear of the chains. As the 
c^iains become stretched to a great extent, it is wise to remove an 
entire link and then shorten the adjustment so as to keep the 
spring shackles (at each end of the spring) standing at about the 
^ame angle. 

A spring is a complete unit as produced by the spring maker. 
The removal or addition of a jdatc cntirclj’^ disarranges the grading 
of the original plates, and sliould never be i)ractised under any 
circumstances. It is also very bad policy to replace a broken plate 

any iffatc that happens to he of the same width as the spring. 
It is far more desirable to let a competent spring maker attend to 
the repair or replac(mient. 

In view of the preceding, there follows a list of things to be 
observed in the operation and care of the truck, if there is a desire 
i^to give the springs a fair chance to offer their longest life. 

Rules of Reason. — A. — Evenly di>stril)ule Joiid. Prevent shift- 
ing of load. B. — Do not overload beyond rated capacity. The fac- 
' tor of safety allowed by the maker is for the owner ^s protection as 
well as the maker's. C. — A wheel out of round due to flat spots on 
u solid tire, imposes a severe and dangerous shock upon the springs. 
Keep the wheels round. D. — ^Keep excessive side play out of 
shackles and hangers to minimize the lateral shock on tlie springs 
when on rough roads, F. — Give careful attention tt* all parts sub- 
ject to friction. Keep them amply lubricated, as an excess of grease 
keeps the dirt out. F. — Take ^corners slowly, without or with load. 
TG. — Back into a curbstone or platform gently as your radius rods 
I might buckle and throw the jolt upon the springs. In driving the 
j front wheels against a curb or any obstruction, the shock must be 
taken by the springs alone. H. — When loaded, drive gently over 
j^ugh road or obstruction, remembering the frame is rigid and the 
springs must take the distortion. I. — Drive at moderate speeds at 
all times. Remember solid tires have little resiliency. J. — If you 
have to tow a car, or have your car towed, hitch the tow-rope to 
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tlie frame, not to tlic axlo. K. — If an accident occurs, and a sprinjo: ^ 
hanger, or the frame near the hanger is hent, have it^ straightened 
at once. A spring distorted by a bent hanger is liable to break 
under load. L. — When adjusting chains, remove a link when the 
adjustment would tlirow tlie shackles to a bad angle. M. — Keep 
spring clips tiglit at all times. If a center bolt should l)reak, duo* 
to loose Clips, replace it at once. N. — On a crowned road, drive as 
nearly in the center as i)ossible, as driving to the right throws an 
extra load on the right-hand spring. 

Compensating for Steering Gear Deterioration. — One of the; 
most important parts of the chassis assembly and one that should 
never be overlooked in overhauling is the steering gear, because it 
is uixm this important control element tliat the satety of the ear and 
X'assengers depends. The steering gear should always be kept ad-p 
justed to the point where the wdieel will turn freely and yet not 
have any back lash. The steering gearing consists of tlie slem'ing 
column, the wheel supporting knuckles on the front axle, the tie- 
bar that joins the steering spiiull(‘s togetluT and the drag link which 
acts to transfer the movement of the steering arm to tlie front axle 
members. Typical steering columns are shown at Fig. 350. That 
at A is the most common form and utilizes a worm at tlie lower x)art 
of the steering post to wdiich the hand wdieel is allaclied, meshing 
with the worm gear which actuates the ball arm. A sectional vit‘W' 
of the reduction gearing is shown in the inset A-1. The other forin^ 
of gear generally used is known as the thread and nut form ana 
has a w’orni at the low’er end of the post which rocks the steering 
firm sometimes called the pitman arm or ‘‘bair’ arm by moans 
of two half nuts, one of which mo\es up and the other dow^n when 
the W'orm is turned by the hand wheel. This reciprocating motion 
of the half nuts is transferred to the pitman arm by an oscillating^ 
member against wdiicli the ends of the half nuts bear and which isj 
attached to the shaft that rocks the steering arm. 

Another form of thread and nut steering gear is shown at Fig. 
357. In this the nut is a full member encircling the screw an^ 
carrying projecting pins which engage the forked arms attached to 
the steering arm actuator. As will be apparent, when the screw is 
turned by the hand lever, the nut is raised or lowered, depending 
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Tig. 356 . — Outlining Construction of Typical Steering Gears. A. — ^Worm and Sector Type. B. — Screw and 

yut Pattern. 
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upon the direction in which the screw is turned. This up and down 
motion of the nut is transferred to the steering actuator through 
the medium of the small pins working in the forged yokes attached 
to the steering arm actuator shaft. The steering gears described 
are of the irreversible form, i. c., motion of the road wheels does 
not affect the hand wheel. Many other arrangements have been 
used for steering gears, one of the popular forms being the bevel 
pinion and sector arrangement used on Reo automobiles which is 

shown at Pig. 358. 
The bevel pinion moves 
the bevel gear sector 
back and forth as it is 
turned, this motion be- 
ing transferred to the 
steering arm attached 
on the same shaft to 
which the bevel gear 
sector is fastened. 
W h i 1 e this steering 
gear is effective, it is 
not irreversible ■ and 
motion of the ’ road 
wheels may move the 
steering w^heel. 

The common fault 
with a steering gear of 
any type after it has 
been in use for a time 
is back lash in the re- 
duction gear. By this is meant the ability to turn the hand wheel 
back and forth a certain portion of a revolution without pffftptin g 
a corresponding movement of the front wheels. There are a num- 
ber of points where this back lash may esist. It may be present 
in the reduction gear of the steering column itself or may be due f 
to depreciation or poor adjustment of the various rod ends in the 
steering linkage. Considering first the reduction gearing of the 
worm and worm gear type, as siown at Fig. 356, the point that 
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Fig. 357; — ^Internal Construction of Screw 
and Kut Reduction Steering Gear. 
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will wear soonest is 
that portion of the 
worm gear that meshes 
with the worm when 
Ihe wheels are set for 
straight ahead going. 

The reason that this 
dei)reciation is present 
at this point more than 
at the other teeth of 
the worm wheel is be- 
cause this point is most 
widely used, the move- 
ment of the worm be- 
ing very slight except when turning a corner. Attempts are often 
made to take out this bacl; lash by bringing the worm gear into 
closer arrangement with the worm by the use of eccentric bushings 
in which the worm wdieel sliaft is supported. The eccentric bush- 
ing serves very well if the back lash is due to poor adjustment 
rather than depreciation of the worm wheel teeth. It is possible on 

most gears to remove 
the steering arms, give 
the steering wheel a 
half turn and then re- 
place the full worm 
wheel so the unworn 
portion opposite to the 
worn teeth will be 
brought into engage- 
ment with a compara- 
tively unworn portion 
of the steering worm. 
The eccentric bushings 
in this case can be used 
to secure correct mesh- 
ing of the worm and 
worm wheel teeth. 
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Fig. 369. — Showing Method of Operating 
Spark and Throttle Levers at the Base 
of the Steering Oolumn. 



Fig. 358. — The Beo Bevel Pinion and Sector 
Steering Gear. 
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As considerable end thrust exists at the top and bottom of the 
ivorm when the hand wheel is turned, ball thrust bearings are used 
to resist the end f)ressure and make the worm easy to operate. If 
these bearings become gummed up with dry grease or if the balls 
or races become roughened, the steering gear will work hard. If 
the ball bearings arc not properly adjusted, an up and down mo- 
tion of the steering post will be possible. If tlie steering post is 
loose in the steering gear case it is on account of wear of the plain 
bushing in which it turns. These bushings are be.st rejdaced by 
new ones when worn. 

In the type of steering gear shown at Fig. 35G, B, the half nuts 
are sometimes of babbitt metal and if not properly liibricat(*(l will 
deteriorate quickly. The hardened steel screw seldom shows any 
signs of wear and if lost motion exists it is generally due to de- 
preciation of soft half nuts. The best method of repairing is to 
replace these with new members. lu tlie type of steering gears 
shown at F^'ig. 357, the nut is usually made of hard broii/e ajul the 
screw of liardcned stetd. Very little depreciation will exist in a 
gear of this nature unless lubrication has been neglected. TIutc 
are two plain bushings which may ^vear that sui)port the stomung 
post, also two plain bearings on wdiicli the steering rod actuator 
shaft rocks. Any looseness due to depreciation of the bushings can 
jnly be eliminated by replacing with new bushings. If the iiiit 
becomes worn it is cheaper to supply a new one than to attempt 
to use the old one. 

Back lash or lost motion in the bevel gear and sector steering 
gear shown at Fig. 358, when not due to depreciation of the plain 
bearings supporting the steering post and steering shaft may be 
compensated for by screwing in on an adjustment screw which 
carries a roll at its low^er end, bearing against the back of the bevel 
gear s(^ctor. Tliis tends to keep the pinion and sector teeth in con- 
tact and eliminates lost motion between them. Practically all steer- 
ing gears are provided with grease tight casings and should be 
jjacked with lubricant at I'east every season. The plain bearings of 
most steering gears may be lubricated through the medium of com- 
pression grease cups as shown at Fig. 358, or oil cups as shown at 
Fig. 356, A. If care is taken to supply these bearing points with 
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the proper quantities of lubricant, l)ul little trouble will be experi- 
enced due to depreciation of the plain bearing. 

Many steering gears have the motor speed control levers car- 
ried above the hand wlieel by a fixed sector wliieh is su])ported by 
a tube passing through the eentt‘r of the hollow steering post and 
clamiied at its lower end to a non-rotajing anchorage plate wliich 
k(‘eps the sector from turning, as the hand wheel is moved in steer- 
ing. Through the center of this anchored lube, another tube passes, 
in the interior of which is carried a rod as shown at Fig. 360, A. 
The short control lever is pinned to the rod passing through the 
center of the steering column while the long control lever which 
works on tlic outside of the segment is attached to the tube sur- 
rounding tlie center control rod. At th (3 lower ])ortion of these 
merulnu’s a ])air of small bevel sectors is carried as sliown at Fig, 
350. Tlu‘se sectors engage coaeting members which operate the 
spark and throttle levers with wliieh connections are made to the 
carburetor throttle and to the magneto contact bn^aker. When dis- 
mantling the steering column it is important to take out the center 
control tubes and remove all the rust tliat lias accumulated between 
tliem. They ar(» then smoothed and ehianed with emery cloth and 
coated with graiihite grease before ijeassomliling. In many cases, 
when movement of the control levers does not produce a corre- 
sponding motion of the timer or tlirottle, it is because the small 
levers or bevtd s(*ctor.s at the lower x>orli()ii of the steering column 
have be-come loose on their actuating tubes or rods. Tlie usual 
method of 'fastening these members is by friction clamps and the 
troul)l(» is easily remedied by tightening the clan ping screws more 
firmly after the various parts have been located properly. This 
may be done by setting the control lever at the retard position on 
the sector and making sure that the magneto contact breaker or 
timer is also at full retard iiosition, AVhen setting the throttle con- 
trol lever, that member may be moved down to that portion of the 
sector corresponding to a closed throttle and making sure that the 
throttle is closed at the carburetor before tightening the clamping 
screws at all points. For instance, if the construction of the con- 
trol levers is as at Fig. 360, A, and the lower portion of the steer- 
ing post is as at Fig. 359,, It will be necessary to tighten four clamp- 
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lig. 360. — Showing Method of Supporting Spark and Throttle Levers at the Top of Steering Column. 
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ing screws in order to look all parts firmly toffetki^r. Two of these 
clamping screws are in the small bevel sectors while the others are 
in the levers, one at tlie bottom of the steering column, the other 
at the top. There may be a tendency at times for the entire toothed 
segment to turn with the steering wheel which causes the engine 
to race or which shuts it ofT altogi'tJier w’heii turning a corner. This 
annoying condition is due to looseness of the sector supporting tube 
in the anchorage plate at the bottom of the steering column. If 
difficulty is exi^orienced in kec^ping this tube tight, the trouble is 
due to deix)sits of rust betw’een the sector supporting tube and the 
interior of the hollow^ steering column. The only remedy is to re- 
move the sector retaining tube from the interior of the steering 
column and remove all rust dc^posits and coat the parts liberally 
with lubricant before reassembling. 

The control levers at the top of the st(»ering column are usually 
of the form at P^ig. 360, A, though in some cases the construction 
show'n at B is used. After the car has been used for a time the 
fine teeth on the sector may become burred over and the ratchet 
plungers may be rounded by constant friction with the teeth so the 
levers no longer stay in the places where they are set. The remedy 
for this condition is obvious. The teeth in the sector must be recut 
with a fine, three cornered file and the*ends of the ratchet plungers 
must be repointed by grinding and tlie springs keeping them 
pressed against the sector should be strengthened by lengthening. 
When the friction block arrangement as shown at Fig. 360, B, is, 
employed, any tendency to slip may be easily remedied by tighten- 
ing up the spring tension adjusting nuts shown. The increase in 
spring strength augments the friction between the friction block 
and the side of the easing and serves to retard too free movement of 
the control lever. 

A complete steering gear assembly with all parts clearly indi- 
cated is shown at Fig. 361. This shows the various points where 
back lash may exist and the resulting lost motion produce erratic 
^ steering. Taking these up in order, we have first the bolts support- 
^ ing the wheel spindles in the yokes at. the end of the axle, and the 
bushings in the wheel spindle itself. Next we have the pins and 
rod ends at the end of the tie rod, then the connections at each 
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end of the drag link. The point where the steering arm fastens 
to the steering gear should also be inspected to make sure that the 
arm is firmly clamped to its actuating shaft. On practically all 
cars, removable bushings arc provided in tlie steering spindle which 
may be readily removed and replaced with new when worn. The 
ends of the tic rod have the bolts in them a tight fit and usually 
screw through the lower portion of the rod end. This means that 



Fig. 361. — Showing Important Iiinkage of the Steering System. 

! 

the wear will come on the bushing in the steering arm that extends 
from the spindle instead of in the rod end. 

The various steering gear parts that demand inspection are 
grouped at Fig. 362. The section at A shows a worm and worm 
sector steering gear with the upper half of the gear case removed 
to expose the gearing. This form is subject to the same trouble 
that the full worm gear and worm arrangement previously de- 
scribed is^ but in event of wear of the sector teeth it is not possible 
to turn this over and obtain a new set of bearing surfaces. Practi- 
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cally the only remedy when this construction is followed, is to re- 
place the sector witli a new one. Of course, if the lost motion is 
due to. X) 0 ()r adjustment, the usual eccentric bushing method of 
bringing the toetii into more intimate co.iilact may be used. The 
arrangement of tlie rod ends used on Ihe drag link and designed 
to operate in connection with the balls usually provided at the 
end of the st(*ering arm is shown at B. As will be ajjparent, 
the ball re.sts between two plugs having stimi-spherical depressions 
that aet as a ])all seat. One of these jdugs is ])ressed against the 
l)all by a substantial coil spring, wdiile the other adjusting plug 
is brought in contact with tin; ball Avith a threaded adjusting plug. 
As the ball can only be introduced in the socket wlien the adjust- 
ing plug is out, wiiich permits the small sectio)i of the steering arm 
. to fit the slot, it will be apparent that even if tliis joint should 
loosen that it would be i)ractieally ini]>os.sible for the ball to come 
out. In event of lost niotiim being manifested this may be easily 
taken up by loosening the clamp bolt or removing a split pin lock 
sometimes provided and screwing in the adjusting plug until all 
lost motion is eliminated. 

The usual steering knuckle assembly is shown at Pig. 362, C. 
It Avill be observed that tlic bolt acting as a bearing for the steer- 
ing knuckle and passing through tlie top and bottom of the steer- 
ing yoke is proAuded Avith a grease cup at the upper part in order 
that the joiut may be kept thoroughly luhri(*ated. After the front 
wheel has been properly adjusted, if it is desired to find if there 
is any looseness in the steering knuckle, the Avlicel should be grasped 
by opposite spokes, one at the* top, the other at the bottom and with 
the leverage, thus provided endeavor to shake the knuckle on its 
supporting bolt. If there is any lost motion the bolt should be 
removed and its bearing surface examined. If it has been cut into 
or is reduced in diameter at tlie bearing points a new bolt should 
be provided. If the bushings in the steering knuckle are worn 
they sliould be driven out and new ones supplied. 

^ Some inexperienced repairmen and many motorists are inclined 
to belicA-e Avlien they first see a ‘‘dished’* front wheel that the front 
axle has sprung and that the construction is faulty. There is a very 
good reason for tilting the Avhecl as shown at Pig. 362, D. This 
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Fig< Farts of Aiitomol)lle Steering System tbat Demand Inspection wlien Overhauling. 
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is to obtain ease in steering and the usual angle of inclination is 
about three degrees. Without going into an involved exjilanation 
of the reason for doing this it may be stated that it is a mechanical 
principle that the nearer the center of the spindle bolt and the 
pivot point of the wheel are to an alignment, the easier the car 
will steer. If it were possible to bring the center of that part of 
the tire which is upon the ground 1o a point exactly under the 
joint of the steering knuckle the arrangement would be ideal. To 
secure this alignment or to get as near to it as is practical with 
the accepted Elliot steering knuckle construction, it is customary 
to tilt the wheel. In the case of the Ford car, a plumb line dropped 
through the spindle bolt would strike tlie ground about two inches 
from the pivot point where the wlieel tire rests on the ground. The 
diagram makes this i)oint clear. It is customary to find the front 
wheels of large cars dished in tlie same manner so this point should 
not be confused with lack of alignment in a horizontal plane 
which will interfere with correct steering and result in rapid tire 
wear. 

Testing Wheel Alignment. — A splendid opportunitj^ is present 
during the overhauling period for aligning tlic wlicels and axles 
which should be done to make sure that they have not moved out 
of their correct position. But little apparatus is needed to make 
these trials, the outfit consisting of two chairs, two heavy pieces of 
wood, and two lengths of stout cord. One chair is placed at the 
rear of the chassis, the other at the front as indicated at Fig. 363. 
The chairs are located as near as possible to the center line of the 
machine and after the cords have been adjusted the chairs are 
spread apart enough to tighten the cords. In order to prevent 
movement of the chairs when they have been properly placed they 
may be weighted down with iron or steel parts. The important 
thing to do is to have the cords parallel to the frame side member 
and to have the member on the right just the same distance away 
from the right hand frame rail as the left hand cord is from the 
left hand frame rail. A common defect of alignment of the front 
wheels is shown at A. In this case the tie bar is too short and the 
wheels are nearer together at the back than they are at tlie front. 
The opposite to this condition is shown at B, in which case the tie 
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bar raembpr is too long and the wheels are nearer together at the 
front tlian at the rear. Either of these conditions will result in 
uncertain steering and will also produce rapid tire depreciation. 
Practically all tie bars are adjustable to a degree and steps may be 
taken to straighten up the wheels by either Icngtliening or shorten- 
ing the tie bar as conditions demand. The sketch D also shows the 
method of testing a rear wluiel for parallelism with the frame side 
member. At (’, the method of measuring for alignment of front 
and rear axles is show'u. As will be apparent the rear axle has 
.sliifted on its springs and the wheels are not parallel with the 
frame side members. At I), the axle has moved sideways due to 
shifting of the spring chairs and the wheels do not track, even 
though the rear wheels are parallel to the frame side member. It 
is important that the Oiirds be stretched at a height equivalent to 
the center of the wheel hubs because some cars are made with con- 
siderable gather in the front wheels so that the distance at the 
rear of these members to the cords- would be slightly less than at 
the front. Then again, many cars have considerable camber in 
the front wheels which means that the top of the wheels will lean 
outward, therefore any distances measured above the center of the 
hub wdll not agree with those taken below it. By stretching 
the cord along the center line of the wheel this trouble may be 
avoided. 

Universal Joints. — The universal joint is an important element 
in practically all shaft drive cars, some constructions using but one 
joint if the propeller shaft is protected by a long housing while 
other systems employ two universal joints, one .it each end of an 
exposed propeller shaft. Universal joints on many early cars were 
run exposed and considerable trouble was experienced due to rapid 
wear of the bearing parts. When exposed there was also consider- 
able difficulty in keeping the joints properly lubricated. The mod- 
ern forms arc housed inside of a casing member, which is not only 
designed to exclude the dirt and grit from the bearing surfaces, but 
which is also depended on to retain lubricant. A typical universal 
joint assembly and tlie parts comprising it are shown at Fig. 364, 
A. The main parts of the joint are the yoke member A, and the 
disc member B. Tlie yoke has bearing surfaces 0 and P designed 
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to engage two of the pins on the universal joiht cross member J. 
The other two pins fit into the bearing members B and S attached 
to the disc B. The entire joint is housed in by the cover members 



^ Fig. 364. — ^Universal Joint Construction. 

D and Z. The driving flange B may be bolted to a corresponding 
member on the end of a change speed gear shaft or rear axle pinion 
drive shjgift, "while the sleeve member A, which is provided with 
either a square or splined hole as desired, fits on the end of the 
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propeller shaft. The points that will wear soonest are the pins M, 
T, N, IT, carried on the universal joint cross J. When looking over 
universal joints it is well to make sure that the sliding points arc 
free and that the sleeve member does not bind on the propeller 
shaft. Where ^\^'o universal joints are used it is not necessary 
to have a slip joint at both ends and one of the sleeve members 
may be fastened securely to the propeller shaft. 

The universal joint at Fig. 364, B, is called a roller bearing 
joint and consists of a hollovv, slit bronze sphere attached to one 
shaft and a steel sphere, which may also be liollowed, attached to. 
or formed integral with the end of another shaft. Four adjust- 
able studs carrying conical rollers at their inner ends are equally 
spaced around the outside sphere. The inside ball contains four 
slots into which tbe pins project. The slots are so shaped as to 
allow free univor.sal action and get no back lash at any point. 

Another form of joint designed to give a flexible drive is shown 
at C. This is increasing in popularity and is found on a number 
of cars for final drive though it is more widely applied as a driving 
connection between the clutch or gear l>ox or for magneto or elec- 
tric starting generator drive. Two three fingered spiders having 
a suitable boas attached thereto to receive the end of the driving 
shaft are boltt'd to discs of leather, the fingers of one spider mem- 
ber being placed between those of the other and the leather disc 
securely held to each of the spiders. Owing to the flexibility of the 
leather it is possible to drive parts that are not in absolute align- 
ment, though this form of joint is not suitable for use w4iere there 
is apt to be considerable movement between the parts and the 
other types of universal joint are better adapted owing to al- 
lowing a greater degree of motion behvecn driven and driving 
shafts. 

A simple universal that has been adapted to some extent for 
light work is shown at P'ig. 364, D. Tliis consists of a ball shaped 
center member having machined slots into which suitably formed 
yoke members fit. This joint, w^hile popular for machine tools, is 
not widely used in automobiles and it is illustrated in order that 
the repairman may be familiar wdth all practical forms of joints. 
The form showui at Fig. 365, A, is that used on the National auto- 
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mobiles and as two views are presented its construction should be 
easily understood. A driving member is keyed to the end of the 
transmission shaft and is securely held on the taper by a suitable 
clamping nut. The driving member is i)rovided with two longi- 

hidiTial slots in whioh stjnaiv. nuts or sliding blooka fit. Thoso aro 
irioiintod on a pin which is driven through the enlarged end of the 
propeller shaft. With this construction two joints are necessary, 



Fig. 365. — Construction of the Sliding Block Pattern Universal Joint. 


one at the front end of tlic shaft, next to the gearbox, and another 
on the rear axle. After the joint has been in use for a time tliere 
may exist considerable looseness between the bearing pin and the 
hole iji the sliding block and there may also be some depreciation 
of the slots in which the block slides. If the slots in the driving 
member are w-ora*they should be machined out so that they are 
true and smooth though perhaps somewhat wider thsin they were 
originally. -It is a very simple matter to make new case hardened 
blocks that will fit the enlarged slots in the driving member. The 
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manner of covering the joints in order to retain lubricant and keep 
out the dirt is clearly shown in the illustration. A i)ressed steel 
cover meml)er is designed to fit over the driving yoke while the 
liropeller shaft end is encased with a flexible leather cover securely 
clamped to both driven shaft and flaujLje on driving member cover. 
In order to make it easy to introduce new lubricant to the interior 
of the joints a screw plug is provided which is screwed into a fit- 
ting riveted to the l(;«athcr covering. Where two of those joints 
are used it is desirable to have the propeller shaft held so it may 
slide to some extent as the axle moves up and down yet not be loose 
enough to rattle. The desired end is easily obtained by interposing 
coil si)rings in each universal joint which bear against the en- 
larged end of the driven shaft and s(‘at on the driving member 
retention nut. 

Other forms of joints which provide a c(?rtaiii amount of uni- 
versal action arc shown at B and 0, Fig. Siyi). In the former there 
are but two rocking members whereas in the latter there are four 
rocking members. The driving member of the joint consists of a 
sleeve having a square hole made to receive the end of the driven 
member which is a square or rectaugular in cross section but hav- 
ing rounded faces as indicated. In the form at B, two of tlie sides 
of this “sciuare balF' are in contact with tliin discs having one 
side curved to fit the inside member and the other side flat to fit 
a side of the internal s((uare. In the form shown at C, four of the 
rocker members arc used instead of two. These rocker members 
do not interfere W'ith the nniversal action and are valuable in that 
they provide for longer life than the ordinary forai of w^abblc joint 
as there is ample eontacd. surface between the dri/irig n)ember and 
the face of the rocker discs and there is also ample surface contact 
l)etwe('n the driven member and the rounded seats- of the rocker 
discs. 

Radius Rods, Torque Members and Control Linkage. — On 

every chassis there are a number of points where the motiou is rela- 
tively slight but where tlie parts are subjected to considerable pres- 
sure. Among these may be mentioned the radius, rods used with 
side chain drive cars and the torque members furnished when the 
bevel or worm drive axles are used. The form of the torque mem- 




Fig. 366. — Conventional Method of Taking Driving Thrust and Braking and Driving Torque in Modem 

Automobiles. 
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her varies with tiie system of drive employed and is in turn, de- 
pendent upon the preferences of the designer. The reason it is 
necessary to provide a torque member with a shaft drive axle is 
that all the time the rear wheels are propelling the vehicle the re- 
liction tends to turn the axle housing and this motion must be rc- 
sistcid by some arrangement that will hold the axle in its proper 
position. The torque members are also required wdicn the brakes 
are applied to a car because there is also a tendency for the axle 
to rotate when the retarding force is applied to stop the wheejs 
from turning. The various common forms of torque members are 
sliown at Fig. 3G6, those illustrations having been rejiroduced from 
the Horseless Ago. 

The construction sliown at A is a common one and is used on 
number of cars, sonu^ of which, lus the Overland, are sold in very 
large quantities. Tn tliis construction, the propeller shaft to which 
tlie bevel driving pinion is secured is carritMl by a long tube securely 
fastened to the axle at one end and carrying a yoke casting at the 
other supported by suitable bearings attached to tlic frame cx'oss 
I member. This yoke is mounted so it swivels on the axle lube, per- 
mitting the axle to be higher on one side than the other without 
stressing tlie joint, a condition that is often necessary and, in fact, 
unavoidable wlien running over rough roatls. It is evident that 
the rear axle is also subjected to an up and down motion, this being 
*Klue to roughness of the road surfaces. In order to provide for this 
movement the yoke casting is hinged to the frame cross members. 
When this construction is followed there are three points where 
depreciation can exist. The points that will wear soonest are the 
supporting pins or bolts at the ends of the yoke nic'mber that fit 
the frame. These may wear enough so that there will be appreci- 
able lost motion, which means a rattling sound when the car is 
operated over any but the smoothest of roads. The remedy for 
this condition is a simple one, consisting only of replacing the 
w’orn pins and bushings in the yoke ends, if the construction per- 
finits or of reaming o\it the holes larger and fitting pins to con’e- 
spond. The joint where the yoke swivels on the torque tube is 
usually of larger size and is provided with a generous grease cnp. 
While it is not apt to wear as quickly as the joints of lesser area^ 
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if lubrication has been neglected, it may be found that this joint 
will fit the bousing tube loosely. The remedy is to smooth down the 
end of the housing tube after tiic joint is removed in order to se- 
cure a round bearing and then to bore out tiie worn yoke and bush 
it with bronze or east iron so tliat it will l)e a good fit on tin; hous- 
ing tube. Any end play that may exist (‘aji bo readily taken up 
by putting a liglit steel washer or a series of tliose jnembors between 
the thrust collar on the housing tube and the yoke casting. Iji 



Fig. 367. — Defining Various Forms of Torque Members and Radius Bods. 


some cars it is possible to compensate for any end motion by set- 
ting up an adjusting nut that keeps the yoke in place. 

In the system shown at P^ig. 366, B, the push or thrust neces- 
sary to move the car, also the torque, is taken on a spherical or ball 
joirit. This construction is used on the Ford automobile and on a 
number of other more expensive cars. Despite the severe work this, 
type of joint is called upon to perform, it is not subject to undue 
depreciation, providing that lubrication is not neglected and that 
proper precautions are taken to keep the grit and dirt incidental 
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to use from accumulating: between the bearing surfaces. If there 
is any play in this form of joint it often can be compensated for by 
taking a little metal off tlie face of the flange of the ball joint 
cap which permits of bringing it to bear more tightly against the 
1)£|11 on the end of the* torque tube. 

The system outlined at C is a popular one on many types of 
cars. In this tlie driving thrust is taken by the semi-elliptic springs, 
while the tor(|uo is resist(*(l by a special lever securely clamped to 
the differential Jiousing of the axle at its back end and carrying 
a small ball ojkI whi(di is suspended in a special shock absorbing 
fixture carri(‘d by the frame cross member. This form is sometimes 
modified by having short radius rods to take the driving thrust 
as sliown at 1), while the iiraking and driving torque is resisted by 
a special arm. ^flu' fl(‘xii)ili1y of 1ii<‘ sj^ccial hangers iised for sup- 
porting the front (md of the torriiie rod sliown at C and B, is due 
<0 the use of strong coil .springs whieli press against pads having 
semi-sph(*rical seats to fit the ball at the end of the torque rod. If 
lliese spi’ings weak<oj iji use, there may be a certain amount of lost 
motion between the ball and its seating members which can in- 
variably be correct (*(1 by sen*wijig in an adjusting plug carried at 
the bottom of the tubular spring housing. When radius rods are 
employed, it is important to lest these for side shake when they are 
su])ported by the axle or to test the small pins when they are car- 
ried by a hinged inomher secured to the axle and often forming 
l)art of the spring pad or seat. Owing to the limited area of the 
l)ins that act as hingi's at both ends of the radius rods it is not 
iiijiisual to have these w(‘ar enougli in a season to demand inspec- 
tion and attention. 

The method of supporting the axle end of a tubular torque 
member when a two universal joint propeller shaft is used is clearly 
shown at Fig. 3(i7, A, as will be observed, a retaining member is 
cast integral with the 1)0 vol pinion supporting casting. The tubu- 
lar torque member is a tight fit in the hole bored into tliis support 
and is held firmly in place by tightening the clamp bolts indicated. 
When overhauling a car it is well to examine this clamping bolt 
carefully to make sure that the. torque rod is securely held. In 
some cars, where the driving thrust is taken by the springs the 
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torque is taken by the universal joint. A construction of this kind 
is shown at Fig. 323, B. The usual eonstruclion is to have a square 
shaft projecting from the torque tube sufficiently long so it will fit 
the full length of the hub of the universal joint. Up and down 
movement of the rear axle is compensated for by the sliding of the 
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square shaft in the universal joint. This is a point that is very 
often neglected as regards lubrication^ usually because it is inac- 
cessible in most cars. If the square shaft becomes worn there will 
be considerable last motion between it and the universal joint. If 
is often possible to secure a new universal joint member having a 
smaller square, and as the wear is seldom more than .010 inch it is 
often possible to save the old shaft by the loss expensive procedure 
of replacing the universal joint member rather than taking the 
entire rear eonsi ruction apart to use a new squared shaft. If the 
universal joijit niemhor is a st(‘el drop forging it is possible to heat 
it up in a forge or brazing flame and then close it down around a 
s(|uare bar of the desired size. The worn end of the square shaft 
may be dressed down to fit the corresponding porlitm of the uni- 
versal joint member. When overhaul i/ig a ear in which a torque 
tube is used care should be taken to ijispect the point where the 
torque tube joins the rear axle dill'erential housing to insure that 
the rivets are tight and tliere is no motion between the torque tube 
and its retaining member. 

Tlie bearings at the front end of the torque tube are found to 
])e subject to more rapid wear wdieii this construction is followed 
than when any one of tlie systems shown at Fig. 366 is used. If ad- 
justment means are provided the bearing depreciation may be taken 
care of by tight(*ning up the adjustments. If, however, a plain 
babbitt bearing or bronze bushing is used it will be necessary to 
])lace the defective member with a new one. The end of the tor(3[ue 
tube LS often provided with a straight roller bearing. If there is 
much play, the bearing should be examined to see whether the 
rolls are worn or if the lost motion is due to depreciation of the 
driving shaft or the roller bearing shell member carried by ths 
torque tube. 

The usual arrangement of a radius rod, wdiicli may sometimes 
be arranged in .such a way that it takes torque as \vell as driving 
thrust is showm at Pig. 367, C. The hinged joijit where deprecia- 
tion can be looked for when overhauling the car is clearly indi- 
cated % this illustration. On the Buick 1915 automobiles the end 
of the torque tube is attached to the gearset in a novel and effec- 
tive manner. In Edition to the usual swinging joint between the 
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yoke member and the end of the torque tube which takes care of 
the up and down motion of the wheels, the ends of the yokes are 
fastened to a ring: member having four bearings equidistantly 
spaced at Fig. 868. Two of these bearings on a liorizontal plane 
are used as a support or hinged joint to permit of up and down 
movement of the axle. Sw^aying from side to side is taken care o£ 
by the method of supporting the ring at the top and bottom by 
substantial cast arms, extending from the back end of the gear set. 
It will be apparent with this construction that depreciation of the 
supporting pins of the ring may be compensated for to some ex- 
tent by removing the bearing caps and filing a little off of their 
faces to permit them to he brought closer to the pins. Of course, 
it will be necessary to drill the holes out ro\uid and ream them to 
the proper size because the process of compensating for wear will 
tend to make tlie holes elliptical, instead of round. 

The construction of the universal joint used with this method of 
instalJalioji is clearly shown at tlie inset A whicli shows the joint 
in part section. In addition to the torque and radius rods, all of 
the various members, such as rod ends on the brake rods and con- 
trol linkage should be look(3d over with a view of determining if 
any wear exists at the bearing pins. As no provision is made for 
adjustment at these points the only remedy is to drill the holes out 
larger in both the rod end and its supporting yoke and supi)ly 
new pins of larger diameter that "will fit the holes without lost 
motion. 

Front Wheel Adjustment. — When cup and cone type hall or 
taper roller bearings are employed, it is neec^ssary to adjust these 
very carefully to compensate for any lost motion that may exist in 
the assembly. The condition of the bearings may be ascertained 
without difficulty when these are used in the wheels by jacking up 
under the axle to relieve the wheel of the car weight and then by 
grasping the wheel rim at opposite points and shaking the wheel. 
Any looseness in the hearings can bo detected by the lost motion 
between wliec*! hub and spindle. In taking np lost motion when 
any type of adjustable bearing is employed, considerable judgment 
must he exercised in screwing up on the adjusting member not to 
get this up too tightly and impose an injurious cud pressure on 
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the balls or rollers (Pig. 369). An excess pressure that will stress 
the bearing parts dangerously will not make much ditference in 
the wheel resistance when turned by hand, though when the car 
weight must be sustained at high speeds or when going around 
corners, the resistance 
will be increased ma- 
leriiilly and bearing 
euduraiiee .reduced in 
l)roporlion. A safe 
rule to follow is to’ take 
up the wear by screw'*- 
ijig in the adjustment 
nut enough so the 
‘‘shake” or looseness 
will be (eliminated and 
yet permit the wliecd 
to “spin” for a few 
revolutions when given 
an initial impulse. 

Many motorists and in- 
experienced mechanics commit the error of adjusting bearings of 
the “take up” type too loosely. This is not d(‘sirable, any more 
than fitting parts too closely together is. Always lock the adjust- 
jsment nut , firmly in place when proper adjustment has been 
secured. 

Mu£9er. Faults. — A part of the chassis that is often overlooked 
in the overhauling and one that has material influence on the power 
output of the motor is the device used for muffling the sound of the 
exhaust. The internal construction of mufflers varies widely, some 
consisting only of simple chambers connected together to form a 
labyrinth for the gas passage anti reduce the noise by breaking up 
the volume and allowing the gas to expand before it reaches the 
air to more complicated forms having a large number of baffle 
plates or partition walls pierced with numerous small boles. The 
most effective and silent type of muffler i.s geiujrally "tlie one that 
will give trouble first, ft is im])ortaut, therefore, to take the 
muffler apart and clean out all aitcurnulations of soot or burnt oil 



Fig. 369. — ^Front Hub Showing Hut Adjusted 
Cup and Cone Type Ball Bearing. 
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that may clog ni; the gas passages. Mufflers arc easily taken apart, 
usually being lielci together by l<1ng through bolts in those forms 
where the muffler consists of a number of cylindrical shells of vary- 
ing diameter ueUl between cast end plates used to support the 
sliell. Even in forms where a large number of eliambers are pro- 
vided, these being adjacent, tin* muffler is lield together by bolts or 
l)y being asst*mbled on a ccuitral member usually a continuation 
of tlie exhaust iujh‘. After the muffl<‘r is taken apart all carbon 
and burnt oil residue should be seraped off and all the parts of t!ie 
muffler thoroughly cleaned with kerosene before reassembling. It 
is also well to go over all the hobs designed to bi’eak up the gas 
with a sliarp i)unch or fine taper reamer lo make sure that these 
liave not been r(‘due(‘d to less diameter than tliey should be by ac- 
euniulalions of burnt oil or carbon. 

Chassis Lubrication. — A very important j)oint that is some 
times overlook(‘d after a ear has been overhauled is proj>er Inbri- 
cation of the chassis. A typical six cylinder chassis of the Loco- 
mobile design is outlined at Fig. 370, with all points needing lubri- 
cation clearly outlined. Practically all of the chassis parts are lu- 
bricated through the medium of grease cups wJiich are indicated 
by a circle with tlie numbers in it, the numl>ers ranging from 1 to 
32 iiicln.sivc, Ix'ghining at the bottom of tlie diagram and running 
to the top. It is important to go over all the grease cups when a 
chassis has been overhauled and make sure that they are filled with 
a good grade of grease of suitable density Avhich must resist the 
action of waier and contain no acid. Grease cups Nos. 3, 4, 5, 6, 
21, 22, 27, and 28 are very important and shoiii-l receive attention 
every day that tlie ear is in use. Grapliite grease is recommended 
for these points. In addition to the grease cups there are a num- 
ber of oiling plugs whicli are indicated at black square.s and a let- 
ter. Beginning at the "bottom of the diagram, oil plug A should 
be removed to supply oil to the timing gear, ft is said that one and 
one-half pints of oil arc necessary every 500 miles. The magnetiv 
drive couiiling B should be filh’d with grease. C is the plug through 
which gd'ease is introduced to the steering worm gear case. New 
grease should be supiilied wlien overhauling, then the operator 
should lie cautioned to replenish the sunnlv every lOO miles. D, 
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indicates the oil opening for filling the oil pump gear casing with 
grease. 

The disc clutch housing is provided -with oil plug E. The 
makers of the car illustrated recommend that this plug be removed 
at the end of every 1,500 miles and the clutch case turned over ^ 
until the old oil runs out. The interior of the clutch casing should 
then be washed carefully with gasoline and refilled with new lubri- 
cant. This may be a mixture of one-fourth pint of spindle oil and 
one-fourth i)int of kerasepe or a mixture of one-third pint of kero- 
sene and one-sixth pint of three-in-one oil. It is stated that these 
proportions and quantities are important. The transmission gear 
case is filled through oil plug F. The gear case should be lubri- 
cated with some good quality non-acid grease of about the con- 
sistency of vaseline. It is stated that 2()J/ lbs. of grease are needed ^ 
to refill an empty transmission case after overhauling. The bevel 
gear housing at the rear axle is provided with a plug G, through 
which grease can be introduced to lubricate the bevel drive gear- 
ing. It is recommended that this be thoroughly washed out dur- 
ing the overhauling process even if the rear axle is not taken 
apart. It takes one quart of grease to fill this housing to the 
proper point. The oil plugs H and I indicate minor driving coup- 
lings, which do not require attention very often, inasmuch as the 
makers advise filling with grease every 5000 miles. It is also 
necessary to keep the interior of the wheel hubs filled with suitable ^ 
grease. 

Among the minor points that need lubrication are the fan bear- 
ings, which may be packed with gear grease at the time of the 
yearly overhauling. There are a number of minor points indicated 
by round black dots that are oiled with a hand oil can or syringe 
by means of oil cups and oil holes. The most important of these 
are as follows : Starting crank, oil every week. Magneto, few drops 
every 2000 to 2500 miles. Foot pedal shaft bearings, oil copiously 
every month. Steering column, squirt plenty of oil through the 
hole in the steering column every w^eek. Oil also the fixed ends^ 
of the spark and gas lever. Hand lever shaft bearings, Rubricate 
every week. Brake shaft bearings, oil about every 2000 miles. 
Dynamo bearings, forty ilrops every 100 mil^^a. Steering univers-.d 
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Locating Gas Leak 

joints, indicated by the letters B, J, remove the leather boots and 
pack with good graphite grease every 1000 miles. The universal 
joints on the propeller 
shaft, which are indi- 
'Cated by the letters tl J 
and S J, should be in- 
spected, cleaned and 
packed with grease 
about once a seai^m. 

Care should be taken 
to make sure that the 
power plant also has 
the proper grade and 
cjuantity of lubricant 
))cfore the car is per- 
mitted to leave the 
shop. Most cars em- 
ploy constant level .splash systems, which have boon previously de- 
scribed, the only precaution is to make sure that the oil is at the 
proper level in the engine crank case. The strainer screen that 
filters the oil before it goes into the pump should bo cleaned every 
week, and it is recommended that after 1000 miles road service that 
the old oil be drained out of the engine base. 

VLocating Acetylene Gas Leak. — Before the general adoption 
of electric lighting practically all automobiles were supplied with 
acetylene gas burning head lights, the gas supply being from a car- 
bide generator, Prest-o-lite or similar tank. In many cases trouble 
is experienced through leakage of the gas which escapes from mi- 
nute leaks in the gas line, which usually consists of copper tubes 
running in the frame channel and connected to the gas tank and 
lamps with flexible rubber tubes. While the overhauling process 
is being carried on, it is well to test the pipe lines to see if there 
are any leaks in order to replace the copper tubes with new ones 
should they have chafed from contact with a frame member or 
loose clip or if a seam has opened up with vibration. A very sim- 
ple method of determining whether there is a leak or not shown 
at Fig. 371, was described in the Automobile. Tlic apparatus con- 



Fig. 371. — ^Method of Testing Acetylene Gas 
Piping for Leakage. 
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sists of three pieces of rubber tubing, a three way pipe connection 
and a glass U tube. The burners of the acetylene lights arc re- 
moved and the ends of the rubber tubes arc placed over the pro- 
jecting pipes as shown in the illusti*ation. The valve on the gas 
tank should be closed while this is being dune. Water is now placeci^ 
in the U tube but not enough to completely fill it. The needle valve 
on the gas tank is slow'ly opened until tlie water in one arm of the 
U tube is lifted higher than that in the other because of the gas 
pressure. The valve is then closed and the wattT level in tlu^ T 
tube watched. If winter drops to the same level in both branches 
there is a leak. A leak may be found by going over all the pipes 
with oil or a thick soap-suds solution, takiijg especial care to covei’ 
those portions of the i)ip(‘S that are resting against tluj Crame mem- 
bers and also all the soldered joints. Th(‘ escaping gas will caii'j'v 
the soapy solution or the oil to bubble at the point wliere it escapes. 
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TTir, iJEAR AXJ.K AM) DUTVTNO SVSJTK'M 

R(Mr A\l(' XoiiKMicInliiro — S(‘n»i-FI<»jitinf>: Axles — Three Qiuuier Floatiiif^ Axles. 
— Full Float 'I'yperf — Takiu;? Rear Axle Aparl — Adjustinfj; IWel Drive 

iJears — Worm ami Spiral Jlevel Drive dears — -'IVn- Speed Axle^ — Double 
j!(‘diudioii Axlen — Internal dear J)rive — J'lair W’heed JJrivi* --Spur arul 
Revel (jiear DilVerenlial — (hain Dfi\e Tron))les — Trnsiiiij; Weak Axle 
linn .ill*;: — A\l<‘ J^iiln iealion — Oil UelainiiVL" Meaiis--T> pes of We 15ear- 
i 'a le and Adjii.stnient of Axle Hejirin';S'- lb ake Forms and Ad- 
j.istiiieiit. 


0\vi\(; to tlu' advjnifu'S that Iiavo Imeii iiaalo in inotalliirR’y and 
a more |[A(‘no]'al a|)|)]*(‘<‘iatioii ol* prin(*ii)k‘s of ilosiirn by engineers, 
I ho roar axlt‘ is a paid of the ear that seldom ijrivos trouble and 
which Lisimlly needs alloiilion only when the ear is thoroughly over- 
hauled. Very ft'W imdor ear manufacturers build their own rear 
axles and most of those used are the product of specialists who 
^make nothing hut front and rear axles. The resnlt of this con- 
centration u])oii one product in(‘ans that the various details of pro- 
portion pf parts liave received careful attention which has been 
based on a wide exi)erienee. The material best adapted for the 
various parts have been earefully determined and practically the 
only condition that interferes with proper rear axle operation, bar- 
ring occasional accidents, are tlios(i due to natural wear. Before 
describing the method of taking down rear axles it may be well 
for the reader to become familiar with the different axle types and 
their method of construction. The designs used vary widely. In 
jjiomc types it is possible to get at all the essential parts in a rela- 
tively short time witliout removing the rear construction from the 
chassis. In other forms it is necessary to take them completely 
apart' before access may be had to the differential gears or the 
^xle shafts and their supporting hearings. 
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Rear Axle Nomenclature. — The various types of axles that 
have been used in automobile construction as defined by the chief 
engineer of the \Ve.ston-Mott Company, one of the largest axle 
manufacturers in tlie world, are illustrated at Pig. 372. This 
shows the four main classes of axles, wliich arc termed semi-float- 
ing, thre('-(juaj*for, sevoii-eighths and full floating types, these being 
designated by the letters A, B, 0, D, respeetivcly. While the illus- 
trations are self explanatory to one well versed in automobile con- 
struction it may be well to describe the various types in detail for 
the benefit of those who have not had occasion to take all tlu^ 
various typos apart. On the semi-floating axle, as shown at A, the 
entire weight of the car comes upon the axle shafts which also are 
depended on to transmit the power from the differential gearing 
to the wheel hubs. It is said that in time this would have a ten-j 
dency to cause the shafts to crystallize and break unless great care 
is taken in proportioning the shafts so strong that they will resist 
the stresses imposed upon them. This typo of axle is not generally 
recognized as the semi-floating form as most eiiginccTS call it a 
non-floating live axle. Tlie reason for this is that the axle shaft 
<loes not even partially float as it is held in the hub of one of the 
differential bevel gears by threaded V(?1ention memliers. In order 
to he a semi-floating axle it would Iv liccessary to utilize a bearing 
typo at tlie wheel end tliat would take end thrust and keep the 
wheel shaft in place while tlie part of the axle that projected into^ 
tlie differential would not be held by any threaded nut. 

A true scmii-floating axle should be of such form that Ahe axle 
may be readily witlidruAvii without necessitating the complete dis- 
assembly of the rear construction. The axle shown is semi-floating 
to a degree, however, because the differential gear is carried by 
bearings wliich are outside of the differential case bosses instead of 
bearing directly on the axle shaft, as is the case with light axles 
of such cars as tlie Ford. The three-quarter floating axle shown 
at B is a design in which the axle shaft is subjected only to tor- 
sional strains or to a twisting action due to the power applied to^ 
drive the car. The wheel bearing is mounted on the axle housing 
instead of inside of that member as shown at A. This brings the 
strain due to the weight of the car on the non-rotating axle hons- 




Fig. 372. — Defining Principal Types of Weston-Mott Bear Axle 
Coustxuctlon. 

ing instead of on the shaft as in the type shown at A. The type 
shown at C, which is termed the seven-eightiis floating by some 
engineers and which is called a single bearing full floating hub 
by others, has many of the advantages of the three-quarter floating 
construction in that the drive axle tends to steady the wheel and 
also has the advantage of the full-floating type in that the wheel 
may be removed from the rear construction without taking the 
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housing apart. The sliaCt may bt? withdrawn from the diflfer- 
eniial, which is not possible in the form shown at A and 13 where 
the end of the axle is securely retained inside of one of the differ- 
ential bevel gears by a. nut. 

The standard full floatiiig type of axle, wdiieh is shown at I), 
*does not depend on tlie driving shaft to steady the wheel, which is 
held against side niovenieiit by spacing the. wheel hub bearings on 
each side of the spoke center line. The advantage of the full- 
floating type of axle is that the driving shaft may be withdrawn 
without disturbing the wheels or jacking up the axle and tlie dif- 
ferential gearing may bo removed from tlie rear const met ion by 
partially withdrawing the drive shafts and not re<juii‘ing jacking 
ujj the axle inasmuch as tlie wheels still support tlie load. 

Semi-Floating Axles. — The difference betvviMui the, semi-floac- 
ing and thrce-tpiarter floating axles may be readily undm\stood by 
referring to Ibo sectional views at Fig. 1173. Tlie comjdcde UkS- 
sembly of the difl'ereiitial and driving gears with om* of the a\b' 
shafts of a Weston-ilott three-(|uaiier floating rear axle is shown 
at A, while a similar sectional view of the li(‘o axle is sliown at 
B. The semi-floating' axle us(‘d on some types of Pierer;- Arrow cars 
is shown at Fig. 374. It will be ob>se}‘vcd that in tin? Poo con- 
struction the axle shaft must transmit the power and aLso support 
the portion of the weight of the car that comes on the rear wheel 
it carries. Beginning with the universal joint on the drive shaft, 
the power is transmitted through the pinion shaft to the bevl 
pinion which iii turn imparts its motion to the ring gear or master 
gear riveted to the differential case. Wlien the ear is traveling 
straight ahead the ix)wer is transmitted directly to the two dif- 
ferential gears whicli are fastened to the axle shaft by keys and 
taper retaining pins and which turn the wheels forced onto the 
keys on the tapered outer axle end. When the car turns a corner 
the outer wdioel travels faster than the other, suitable compensa- 
tion for the difference in speed being made by the differential gears 
and pinions. As will be apparent the pinion shaft is carried by 
taper roller bearings as is the differential assembly. The axle is 
supported at the wdieel end by a Hyatt, high duty type roller 
bearing. 
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Fig. 373. — Three-Quarter Floating Axle at A, Beo Semi- Floating 

Axle afB. 


There are two acljustinoiits on this axle, one that allows the 
movement of tlie differential gearing so the ring gear may be 
brought into closer mesh with the bevel pinion, when’ depreciation 
occurs, or in the initial adjustment when the axle is assembled. 
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The other is the adjustment of the bevel pinion so this also may 
be brought into closer relation with the bevel gear. The former 
is adjusted by removing the rear of the axle housing and turning 
the threaded rings that bear against the inner races of the tapered 
roller bearings at each side of the differential gear. It will be 
apparent that as one bearing adjustment is turned to push the 
bearing inner race away from the differential that the other must 
be turned in toward the differential to i)ermit the other bearing 
inner race to move along its supporting boss. The bevel pinion is 
adjusted by turning on the sleeve S wliicli moves the pinion shaft 
and its bearing as a unit. Tlie bearing ailjustinent is obtained by 
slowly rotating the adjusting member P as desired. By shifting 
the big gear endwise, which means that the entire differential must 
be moved from one side to the otlier a)id the driving pinion in 
andfigi^t, it is not difficult to obtain correct alignment of the drive 
gearing. It is well to have a slight amount of back lash between 
the teeth of the gears, the amount allowed being about .004 to .008 
inch. The position of the driving pinion and gear relative to each 
other is very important. Noisy gears are the result of the pinion 
and gear not being in correct mesh. It has been found that if the 
gears are out of position more than 1 100th inch (.01") that the 
gears will be noisy in action. The exact adjustment can best be 
determined by trial, it being considered more desirable to have 
some back lash in the gears rather than have them fit too tightly. 

In taking a serai-floaliug axle apart when of the type shown at 
Fig. 373, B, the first step is to remove it from the chassis, support 
it by suitable trestles, and then to pull off the wheels from the 
taper wheel seats. This is done by unscrewing the wheel retaining 
nut on the threaded axle end and then knocking the wheel off 
the axle shaft or pulling it off with a properly designed wheel 
puller, as shown in Chapter, II. or in Figs. 353 and 363 herewith. 
The next step is to release the axle Iiousing tube from the sides of^ 
the differential housing by unscrewing the nuts that hold the flanges 
on the axle tubes from the studs attached to the differential hous- 
ing. The axle housing may then be easily withdrawn over the axle 
after the tvheel driving keys have been removed from the taper 
wheel seats. This leaves the differential mechanism in place in the 
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Fig. 375. — ^Part Sectional View, Showing Construction of Overland 
Three-Quarter Floating Axle. 
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screwed. In this construction, half of the differential lioiising; and 
tlie live axle shaft come off as a unit. 

Three-Quarter Floating Axles. — Tlie three-quarter floating 
axle, such as shown at Fig. 373, A, and Fig, 375, cannot he taken 
^apart until tlio wlieels have been removed from the axle shaft. 
Here «ngaiii it is nec(‘ssary to take the j)inion drive shaft ofl* before 
the differential housing eati be split vertically hi tlie axle shown 
at A. In that shoun at Fig. 375, it is not necessary to take tlu^ 
rear construetion apart as the difl’erential may hcTcmoved from the 
housing by taking off an exce]>tionally large cover plate. It is 
necessary to take the wheels oft' however, in order to permit the 
withdrawal of the axle sliafts. The gears are miishcd in the form 
shown at 373, A, hy a simple adjustment member which moves the 
4piiiion drive shaft back and forth in its supporting housing until 
the proper degree of engagement witlj^tlie ring gear is obtained. 
More detailed instructions for adjusting various forms of bevel 
driving gears will be given in proper sequence. 

Pull Floating Axle. — The construction of a full floating axle 
used on some Overland models is shown at Fig. 376. In order to 
withdraw an axle shaft it is only nccessfiiy to unscrew the hub cap 
and pull the driving end of the shaft ont of the slots in the wheel 
hub into which it fils. The driving end of the axle shaft is provided 
with a driving cluteli meraher that is iiitondiMl lo fit into depres- 
^^ions milled into the wheel hub. Sometimes the driving clutch will 
get loose in the wlieel liub owing to dejireeiation of the clutch 
teeth or the slots in which they engage. If the wear is not too 
great compensation for the looseness may be made hy heating up 
the ends of the clutch teidli aud hammering them out so that they 
will be even wider tliaii the slots, then filing tliem to fit. After 
the axle sliafts are withdrawn if one desires to remove the wheel 
this may be easily aceornplished by unscrewing the locking nut 
that keeps the bearings in place on the axle tube. The wheel may 
then be willulrawn with its supporting bearings. To remove a dif- 
4 fereiitial gear assembly, one must first withdraw the axle shaft 
comiiletely out of the interior of the differential gearing which is 
easily accomplished because of the squared ends which fit broached 
holes in tlie differential bevel gears and then rideasiiig the differ* 




Fig. 376. — Part Sectional View Showing Overland Full Floating Bear Axle. 
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ential bearing holding caps by unscrewing the retaining nuts or 
cap screws. The differential may then be removed from the differ- 
tial housing as a unit witli its supporting bearings. In this con- 
struction it is not necessary to readjust the bevel gearing because 
the adjustment need not be disturbed when the, differential assem- 
bly is removed. This is a marked advantage of the full floating 
axle design over the semi- and throe-quarter floating forms shown 
at Pig. 373. 

Taking Rear Axle Apart.— Tlie parts (comprising a typical live 
axle of the iioii-lloating form are shown at Fig. 377. As will be 
obsc3rved tluj main portions of tlie rear consli-iietion arc three lious- 
ings. One of these is lernied tlu^ leit half driving gear housing, 
the oilier tlio right half. Attached to lliese memhers are the axle 
lubes wliicli carry the brake assembly at the outer end and a spring 
seat hetweem the driving gear liousiiig and the lirake carrying 
plate. Each of the axle housings is^i'ally eom])rised of three mem- 
bers, two of these being malleable iron or semi-steel castings joined 
together by a length of .s(*uml(‘ss stec*! tubing to which they are, 
securely attached by riv(}tiiig and brazing. The propeller shaft 
which carries the driving pinion is mounted in a separate housing 
member which has a flange at its lowtu* end by wdiieh it may be 
bolted to tlie differential liousing wIkui the two halves comprising 
that member are bolted together. The a.\le drive sliafts are shown 
attached to the differential gears, ' The parts comprising the dif- 
ferential ass(‘iubly are shown at the lower right hand corner of the 
illustration, the brake bands and spring seat are sliown at the left 
hand corner. 

In order to uiiderslaud tlie melhod of taking the rear construc- 
tion apart, the method followed in dismantling the Locomobile axle 
is shown at Fig. 378. While this member has the advantages of 
the full floating type in pcriiiitling the. removal of the wheel drive 
shaft or wheels wluui necessary, the differential gearing cannot be 
removed without taking the differential housing apart. The ap- 
pearance of tlic rear eoiistruction after the wheel bearings, spring 
seats, and brake carrying castings have been removed from the 
live axle housing is shown at A. The first step is to remove the 
nuts from the studs on the sides of the pinion carrier and the bolts 
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passing through flio remainder of the bosses. This permits one 
to pull the halves of the differential housing apart, exposing the 
differential gearing as shown at Fig. 378, B. The bevel drive 
pillion assembly or third member is held in place by three studs 
in a suitable extension from tlie differential housing and may be 
rcnnoveil from that member as a unit by removing three nuts and 
Avithdrawing it from the case. 

TJu; ])arts comprising the differential gear, whicli is of the bevel 
gear and pinion type are clearly shown at Pig. 378, C. The dif- 
fereiilial casing with the ring gear removed is shown at 5. As 
wlU be ap|)arent the casing is composed of two halves 1 and 4, 
these being held together by through holts passing through the 
flanges ol* the case casting. Each flange has four notches of semi- 

cyiindrical form niacliincd therein, these to retain the extension 

♦ 

from tlie difl'erential spider on which the pinions revolve as shown 
it 2. Tlie .s])ider and pinion assembly in place in one-half of the 
diffoi'ential casing is shown at 4. The sx)i(l(‘r with the bevel pinion 
and tlie face gears emiiloyed to drive tlie live axle shafts in the 
relation they occupy inside of the differential is clearly shown at 3. 
The points most subject to wear are the bushings in the differential 
pinions which arc usually of bronze and whicli may be driven out 
and replaced by new ones and the busliings in the differential case 
hubs that are enijiloyed to support the bevel differential or face 
gears. If the supporting pins on which tlie pinions revolve which 
are part of the differential spider are worn, a new spider member 
must be substituted for the defective one. But little wear will be 
found in the teeth of the bevel pinion differential as these are 
usually a substantial form and because the gearing is thoroughly 
lubricated at all times. Obviously the process of reassembling the 
axle is the reverse to that of dismantling it. 

Adjusting Bevel Drive Gear. — Bevel drive gearing is sup 
ported on two typos of liearings, both belonging to the anti-fric- 
tion class. The type of bearing used for supporting the bevel drive 
pinion shaft and the differential assembly determines the method 
of adjustment provided to a large extent. The bevel drive gear 
assembly shown at Pig. 379, A, is that used on the Hudson Model 
37, and is similar in design to that employed on many other cars. 
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Fig. 378. — Defining Construction of Bevel Pinion Differential Gearing. 


In this construction ta])cr roller bearings are used throughout. 
Following common practice, in full floating axles the diflPcrential 
gear and the pillion drive shaft are support(»d by a common casting 
in order to obtain correct alignment more easily. The pinion drive 
shaft is supported by two taper roller bearings, one being placed 
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limmediately ))aek of the drive pinion while the other is used at the 
|npper end of tlie pinion shaft as a steadying member. The lower 
bearing is mounted in a threaded adjustment member but the 
■upper bearing seats against a shoulder in tlie i)inion drive shaft 
|/iousing. In order to mesh the pinion deeper with the ring gear it 
';L necessary to release the adjustment lock that keeps the threaded 
liidjustment from turning and also to back oft* the adjusting nut 
ifor the upper bearing. After tlie threaded adjustment member has 



I Fig. 379. — Sectional Diagrams of Bevel Drive Gears, Showing Method 
i» of Adjusting the Gearing. 


i 

( been screwed in or out to secure the proper meshing of the ring 
gear and after it is securely locked in place by screwing the ad- 
justment lock back into one of the slots made to receive it, the 
upper roller bearings should be carefully adjusted by screwing the 
adjusting nut against the spacer member, this pulling the inner 
race of the lower roller bearing firmly against Ihe outer member 
and in turn seating the outer race firmly in the tlireadcd adjust- 
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inoiit mcTiibor. Tho «(ljiisfinent is oousiclertnl eoiiiplotf* when tiiere , 
is «l)soliitoly no np nnd down motion to the pinion drive slnift and : 
wlioii Jio appreciable effort is noeiled U) rc^volve it and the differen- 
tial jjear when tin.* wheel drive shafts are pulled clear of the dif- ' 
fereiitial g(‘ar interior. ' 

The adjustniejit of the differenlial irearinpi’ and the ring gear is '■ 
aeeoTn[)lislK*d l)y threaded adjustment rings or nuts which bear ' 
against the inner race of the taper roller l^earings enii)loycd in 
siii)porting the diUVrential. These adjusting nnts are provided 
with a series of slots hy wiiieJi they may b(‘ |iij*ned and which also 
serve to receive llie longue of tln^ adjustment lock member. To 
move the differential gearing it is neecssary to first re.lease the ad- 
jiistmcTit locks and lluni to turn ojie tljread(*d adjustment nut in / 
and the <^tlier out initil llie pr(»p(‘r degree of engagement of the ., 
gears is st*ciii*ed. Vor example, in tin* gearing sbow)i at A, if it 
is desired to mesh llie ring gear more d('ef)ly with the drive pinion * 
the adjiislineiit on the right would l)e slacked off or screwed in 
toward (In* differential a certain number of turns, or such portion 
of a revolution as would he necessary to ))i‘ing the gi‘ars clx)ser to- ' 
gether while the adjusting nut on the left is seriwv(‘d away from 
the diff'erential th.e same luunher of turns in order to keep the roller . 
hc^arings on both sides in ]n’ 0 [)er relation. There should be ab- 
solutely no hack lash in tlie taper roller bearings uor lateral move- 
ment of tile dillereiitial gear ass(*mhly. At tlH‘ same lime the gear- 
ing should ho turned without ai>preciahle effort when the pinion ^ 
drive shaft is rotated hy hand. 

The sectional view of the hovel drive gearing* of the 1914 Loco- 
mobile is shown at Fig. 379, B. This is similar in construction to 
that previously descrilxal (*xcept that hall bearings are iiscul in- 
stead of the taper rollei* form. The pinion shaft assembly is car- 
ried hy two single row ratlial hearings and one hall thrust washer, 
the whole being mounted in a carrier member which may he screwed 
in or out of the housing to secure proper gear engagement. Tlu* 
differential gearing is not adjustable sideways as it is believed that 
the necessary adjustments can be made by moving the pinion shaft 
carrier in and out of the differential housing. It wdll be observed 
that the ring gear side of the differential is supported by a radial 
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bearing and a ball thrust bearing. This is because the action of 
the inclined bevel gear teeth produces a certain end thrust which 
tends to ’move the differential assembly to the left, this end thrust 
being resisted by the balj, bearing especially fitted for that purpose. 
A radial bearing is used on the right hand side of the differential 
casing, this carrying a radial load only. Whenever an adjustment 
has been altered it is important to make sure and lock it firmly into 
its new position by the means provided for that purpose. In most 
cases these arc readily apparent upon inspection. 

The adjustment of the large bevel gear in the Overland rear 
axle shown at Fig. 37f), requires careful attention to details to ac- 
complish successfully. Take the cover from the differential hous- 
ing by removing the cap screws by which it is retained. Remove 
the thrust bearing adjustment lock on the sid(i toward which the 
differential is to be moved with a screw driver and turn the ad- 
justing cup of the thrust bearing in the same direction. These 
various parts arc plainly identified by suitable lettering on the 
illustration. Next loos(‘n the two screws which hold the split dif- 
ferential adjusting collar until tliat member may be turned in the 
desired direction. Moving the collar on one side of the differential 
makes it necessary to adjust the one on the opposite side accord- 
ingly, both axle ends having right hand threads. When the proper 
meshing of the gears is obtained, tighten both collars and follow 
this by bringing the thrust bearings close to the adjusting collars. 
Be sure to tighten all screws and to r(*place the small locks whicli 
keep the cups from turning after adjustment has been made. 

To remove the axle shafts it is necessary to loosen the screws of 
the differential adjusting collar until the threaded portions of the 
shaft may be withdrawn through the collar. To remove the differ- 
ential gear it is necessary to withdraw the axle shafts first, then 
to remove the roller bearing retention caps. The differential may 
then'be lifted out of its housing. When reassembling, it is impera- 
tive to mesh the bevel gears correctly and to adjust the ball thrust 
bearings properly, taking care not to get these too tight against 
the differential adjustment collars. If the axle leaks oil it is neces- 
sary to renew the grease retaining felt washer. 

All differentials and driving gear ai^emblies are not capable of 
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The sanie is tru<* of tlio assembly slio^vii at C. In this J'uIKt bear- 
ings are used to sui)i)orl the differential while lull I thrust bearings 
are dei)eridod .on to takt' the end thrust on tlie wheels as well as 
that prod need by tlie bevel g(»ars. 'When these axles are taken 
apart Ihere is only one way in which they can be reassembled as 
far as replacing the bearings is concerned, although on many types 
in Avhieh symmetrical axle housings are used it is possible to rej^lace 
the differential assembly so the master gear will ])e on the wrong 
side of till* ])inion. Tliis will result in the rear wheels turning 
baelfAvard wluui the forward S|>eed ratios are (‘iigag(*d and of turn- 
ing forward when the reverse gears are in mesh in the transmis- 
sion. The bevel gear in tlie assemldy slionn al 0, is on the rigJit 
side of the pinion for engines as ordinarily eonstiaieted. that is, 
tiiose timiing clockwise. In the assembly shown at I>, the diifer- 
'*ntial is plaiaid in such a way that if ns(»d with an engine turning 
clockwise the drive will he rc'versed when the forward ratios of the 
geai'set are engaged. Care shonld always lie tak(m wlnui an axle, 
is dismantled to notiee the rt'Iation of Die parts l^efore they arc 
taken out to make sure that tluy are ri‘plae(‘d correetly. 

Ill some cases double reduction gearing is iise<l in the rear axle. 
Tliis is employed in gasolim; coinmereiai vehicles and some eleelric 
pleasure cars. The rear construction shown at Fig. o80, is that 
used on the Autocar trucks and coinhines spur and lievel gears in 
such a maniKM’ that two reductions of .speed are obtaincil in the axle 
housing ils(;lf. . On the end of the drive shaft a bevel pinion is car- 
ried which meshes with the ring gear Mhich instead of being at- 
tached directly to the differential as in the conventional construc- 
tion, is employed to turn a countershaft on which a spur jnnioii 
is mounted. A si)ur gear is secured to the diflVrontial and mcsluvs 
with the spur pinion on the cross shaft. A primary reduction is 
obtained between the bevel pinion and gear, tlie second reduction 
of speed being seen rod between fbe small spur pinion on tlie cross 
Tjhaft and the large spur gear attached to tlie cliflEorential. A dif- 
ferential cross is carried in the interior of the differential case and 
the bevel pinions of the differential revolve upon tlie arms of this 
£*,i'oss. Tlie gears in the interior of the differential arc carried in the 
differential case by means of bronze bushing and the hole through 
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1!to clears is hroaohed to fit tho iiimr ends of the wheel driving 
r.xle. It is not ditTieidt to remove tho differential assembly from 
the axle as the top portion carrying the bevel drive gears in tlje 
first reduction countershaft may be lifted off of the differential 
housing after the driving shaft is disconnected, and then" the dif- 
ferential gear assenihly can be lifted out of tlio housing member 
in the same manner as described for the full floating single, re- 
duction axles. 

Worm and Spiral Bevel Drive. — In an oiuh‘avor to se<*ure‘(|uh‘t 
ot>erfi1ion while nuining, wln<'li is not always ])os:sibIe with the 
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The same rules that have been previously given for adjusting 

Straight hovel gears apply just as well to Uie spiral bevel form. 

The worm drive axle as usually constructed is so devised that 
the initial adjustment provided at the factory by careful machining 
of parts is never disturbed except through wear. If an adjustment 
is provided on either side of the differential assembly to which the 
worm gear is fastened, great can? must be taken to line up the gear- 
ing in such a way that the center line of the driving worm will 
coincide accurately with that of the worm gear. In taking down a 
worm drive axle it is necessary to examine the condition of the ball 
thrust bearing carefully and to make sure that all parts of tliis 
member are clean and in good condition. Very largo thrust loads 
are imposed on the supporting bearings of both worm and worm 
gears so it is important to always adjust these members so that they 
can take this thrust load and make sure that the single row radial 
hearings are not subjected to any end tlirust. In the best designs 
of -worm drive axles, the worm gearing is carried by a supporting 
casting which permits of careful alignment before assembling into 
the axle lioiising. The worm gear is usually made of hard bronze 
while the driving worm is of hardened steel. If lubrication has 
been neglected or if oil of insiiffieient body has bc*en used, most of 
the wear will be found on the teeth of ilie worm gears. There is 
no comx)erisaticn possible for reduction in tooth size other than re- 
placing the worn gear with a new one. 

Two Speed Axles. — The repairman is apt to encounter rear 
axles in which two sets of bevel driving gears are used in order to 
provide two speeds in the axle itself. That shown at Fig. 382, A, 
was used on 1914 Cadillac cars while that shown at II is the Austin 
design and has been used for several years on cars of that make. 
The construction of the Cadillac two speed rear axle, which was 
made by the Timken Axle Company, is shown at A. The power is 
transmitted from the drive shaft of the gear set in the usual man- 
ner tlirough either of the bevel gear sets A and B or C.and D. With 
the inner set the ratio is 3.66 to 1 on the high gear while with the , 
outer sets the ratio is 2.5 to 1. ^fhe two large bevel gears B and* 
C are riveted to the differential gear housing, though one of the 
pinions A and D that drive then! is always loose on the drive shaft. 
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Fig. 382. — Examples of Two Speed Bear Axle. A — Cadillac 1914. 

B — The Austin Construction. 

Pinion A is carried by roller bearings while pinion B revolves on 
Timken roller bearings carried by the casing. A sliding dog clutch 
member B may bo employed to clutch either clutch teeth P which 
drive bevel pinion A or clutch teeth Q whicli drive bevel pinion 
D. The sliding clutch is operated by the shifting rod H which is 
magnetically operated and wdiich is locked in either position by 
the spring J. 
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The construction of the Austin axle is somewhat different as in 
tins design two sots of elulehes are used, one working on tlio dif- 
ferential, while the other works on the drive shaft. To drive the 
ear with the larger bevel gears the clutch member on the drive 
shaft is engaged with the dog clutch attached to tlio sleeve to which 
the larger hcvel driving i)ijiion is attached. ilovemcnt of this 
clutch siniuUaJieously operates that on the differeiilial case exten- 
sion ISO the smaller of the bevel ring gears is (lisongaged. The drive 
is then through the large bevel pinion and tlui ]a)*ge ri]ig gear. To 
obtain the otlier gear ratio the clutch on llie driving slial't is Kshifted 
out of engagement while that on the different iai ease is sliifled into 
plac(^ inside of tlie smaller of the two hcjvel rlriving gi^ars. When 
this is done the small driving gear is coupled to llu* tliilVo'(*iitial cas- 
ings by meaJis of the clutch and is drivmi from the small bevel 
])jjiion on tin* drive sliaft. The largo hevi l gear whi(*li is attached 
t(> the diffeivnlinl ri‘V(iIv('S Die bevel pinion with which it meshes 
idly on tlie driving shaft. The clutcluvs arc iiit(»rconnected by a 
lever so that one eantiol ho engaged without reh'using tlu‘ ol.h(‘r. 

Obviously lliere arc more parts to w'ear in the two sj)ced axle 
and failure to drive on either gi‘ar ratio must he due to faulty 
clutch action. In vie^sv of what has becJi said previously about bevel 
gear adjustment tlierc should be no trouble experieriet^d in secur- 
ing proper driving engagement of tlie bevel gearijig wdien adjust- 
ments are provided for this purpexse. In the (.’adillac design the 
entire differential assembly may be moved over just as in a single 
speed axle. In the Austin design showui at B, no provision is made 
for gear adjustment other than that initially provided when the 
gearing was assembled at the factory. In the Austin axle plain 
bearings are used inside of the sleeve carrying the largest bevel 
drive pinion and also to support the smaller of the bevel drive 
gears. Any depreciation of the plain bearing surfaces will result 
in noisy^action and can only be prevented by replacing the worn 
bushings with new. 

Double Reduction Axles. — lu conynercial vehicles it is desir- 
able to use a lower driving ratio than could be conveniently pro- 
vided by a single pair of bevel gears, and yet it is desirable to re- 
tain the advantages of the full floating type of axle. A typical 
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Fig. 383. — Sect.ODal View of Weston-Mott Double Reduction Full FloaLrg Rear Axle. 
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double reduction axle of Weston-Mott design is shown at Pig. 383. 
In general construction and arrangement of gears the axle is very 
similar to that used on the Autocar and previously described. This 
is a built up construction consisting of cast malleable iron differen- 
tial housings and lieavy steel tubes swaged down at their outer 
ends to take the bearings on which the wheels are mounted. The 
differential is mounted on higli duty roller bearings having only 
plain thrust washers to hold it in place because there is no side 
thrust from the spur driving gear. The differential assembly is 
driven by a large spur g(^ar meshing with a pinion on a short coun- 
tershaft in front of the differential. This shaft is driven by bevel 
gears from the ])rope]ler shaft in the usual way. The housing is 
split vertically through the center line of the short shaft and has a 
pressed steel inspection cover at the rear. The parts may be ex- 
amined by removing this cover. As is true of all full floating axles 
the axle shafts may be withdrawn by merely removing the hub caps 
serving to keep them in place. 

Another form of double reduction axle is shown at Pig. 384. 
This is known as tlie internal gear drive type and is very satisfac- 
tory in commercial applications. The main feature of these axles 
is the combination of a non-revolving load carrying member with 
a jack shaft similar in construction to a live rear axle which drives 
the rear wdieels through the medium of small spur pinions meshing 
with large internal ring gears. As shown in the drawing the carry- 
ing member is an I section drop forging upon which the wheels are 
mounted. There is an opening in the center of the forging in which 
the central housing member carrying the differential assembly and 
driving pinion is securely bolted. The power transmission member 
is located at the rear of the supporting axle. The construction is 
such that the differential assemblj^' may be removed without taking 
the entire axle apart, tliougli the wheels must be taken off of the 
spindle ^to permit the withdrawal of the pinion drive shafts. The 
method of adjusting the bevel pinion is the same as has been pre- 
viously described in which the entire pinion assembly including the 
drive shaft and supporting bearings may be moved in or out to mesh 
with the differential ring gear.s. To adjust the gears to one side or 
the other the lock members carried at the rear end of the axle and 
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Fig. 38it— Part Sectional Vlev Showing Conatmction of Internal Gear Drive Sear Axle. 
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^vhieh are removed by taking off the pressed steel cover must first 
be released. The taper roller bearings are carried in cages or hor*s- 
ings provided with tlireaded adjusting nuts which may be used to 
draw the housing of the bearing the way it is desired to adjust the 
ring gear. Obviously it will be necessary to loosen one of the nuts 



rig. 385. — Showing Arrangement of Mobile Wheel Spindle Used on 
Jeffery Four Wheel Drive and Steer Truck. 


by jpoving it toward the differential assembly the same number of, 
turns*that the otlu3r adjustment member is screwed aw’ay from the 
assembly when adjusting gears. 

Pour Wheel Drive Systems. — There is a growing appreciation 
of the value of having all four wheels of commercitil vehicles com- 
bine directive and tractive functions, especially if these are to be 
employed for towing trailers as w'cll as carrying a load on their. 
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own platform. One of the leading exponents of the four wheel 
drive system in this country is the Jeffery Company, the chief pe- 
culiarity in its des^n being in the construction of the axles. Both 
front and rear axles arc the same in construction, the general de- 
sign being shown at Fig. 385. The wheel carrying spindle is at- 
tached to a member that may be moved back and forth on the axle 
end for steering the same as tlie front wheel spindle of any car is. 
The method oC imparling the motion of the driving shaft to the 
w^heel even when that inemher is at an angle for steering is simple. 
A dilTeroTitial assembly is carried by the non-rotatable axle forging, 
the drive to the wlieel being through a drive shaft and universal 
joint attached to tlie wlieel drive pinion. The construction is simi- 
lar to that of the internal gear drive previously described, except 
that a universal joint is interposed in the driving shaft to permit 
flic wheel drive pinion to assume the same angle as the wheel spin- 
dle carrier without excessive? loss of power. 

Spur and Bevel Gear Differential. — Differential gearing is of 
two main patterns, that show'n at Fig. 378, C, being termed ‘'bevel 
gear type*' because only bevel gears and pinions arc employed 
vvliile that outlined at Fig. 386 is known as a ‘‘spur gear differen- 
tial” because gears of tlie spur form only are used in providing 
differences of wlieel speed when turning corners. The differential 
is one part /)f the automobile that seldom gives trouble, the bevel 
pinion form being stronger as a rule and less liable to breakage 
than that using spur pinions. If the differential is at fault, trouble 
will be experienced in steering the car around corners if the parts 
are wedged together so that none of the gears can turn, whereas if 
the teeth are broken or sheared off it will be impossible to drive the 
car. Before the advent of high grade alloy steels and before the 
art of heat treatment was as xvcll understood as it is at the present 
time, differential gears of the spur pinion type w^ere apt to become 
inoperative through the gears cracking or the teeth stripping. At 
the present .time those troubles are not apt to occur because high 
qjrade steels are used in differential constructions. . When testing 
0 see if the differential is in good condition it is necessary to jack 
ip the rear axle till the wheels are clear of iho ground. One wheel 
hould be turned by band and if the other turns in the same di- 
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rection and cannot be prevented from rotating except by the exer- 
tion of considerable effort to restrain its movements, it is a sign 
that the differential gear is not functioning properly and that it 
is stiff in action. On a number of early makes of cars: especially 
cheap ones, the bevel differential geai^s wore held on the wheel drive 
axles by pins which were apt to shear off after being in use for 
somo time. This w'ill permit the gear to revolve independently of 
the shaft and not drive the wheel. Another fault was shearing of 
the retaining bolts or rivets that held the differential as.sembly and 
the ring gear together. This w'oiild perniil the driving gear to re- 
volve without turning the differential case. 

Tn most bevel dif- 
ferentials and in all 
spur forms the smail 
pinions are bushed 
w’here they revolve on 
a supporting pin. 
After the differential 
has been in \m) for a 
period, and especially 
when lubrication has 
been neglected, these 
bronze biisliings may 
become worn enough 
so the bevel pinions 
will be loose on their 
supporting pins in one 

Fig. 386 .-flpar Gear DlfferentiaL the spur pin- 

ions iiavc lost motion 

on their supporting axles in the other. As these bushings are not 
Adjustable it is necessarjr to drive out the old ones and to force the 
new dnes to compensate for this depreciation. The gears attacdied to 
the wheel drive axle are employed in a number of cases* to support 
the drive shafts rotating with them in the differential casings. Any 
l<Mt motion in the hushing surrounding the face gear hub must he 
taken care of by forcing in new bushings in the differential case 
bosses. The method of taking a bevel differential apart is clearly 
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/ outlined at Fig. 378, C, as is also the relation of the various parts 
iu different stages of assembly. The housing of the average spur 
pillion differential may be taken apart by unscTewing the pins on 
which the differential jiinions revolve as these also serve as reten- 
^tion members to keep the tw'o membei*s comprising the differential 
ease together. 

Chain Drive Troubles. — There are very few chain driven pleas- 
ure cars in use at the present time, these generally being models 
'^ive or six years old. Chain drive is still used extensively on com- 
mercial veliicles, however, so it will he necessary to give some iii- 
.struetion for tin* care and adjustment of eliains. Most of the 
troubles in eliairi drive are due to worn driving chains or sprockets. 
^The reason for this dejiroeiatiou is that cliain drives, for the most 
])arl, are run without any ])rotective casing and gi il and dirt col- 
lect between tin* chains and sprockets and in the hearing surfaces 
of the chain itself, and if not removed by fn*([uent cleaning of the 
chain it will rapidly grind away the sproeU(‘t teetli and cause tlie 
;;hain to hocomo very loose. A typical chain drive system is shown 
fat Fig. 387. 1'he wheels revolve on a non-rolalahle axle, being car- 
ried ill most cases by some form of anti-frietion bearings. Power 
is transmitted from small sprockets carried by a jack shaft sup- 
ported by the chassis frame to the larger rear sprockets usually 
secured to tlie brake* drums by means of some form of steel link 
chain, the roller chain being the form most generally applied. If 
the sprocket teeth are worn hook shape, it is necessary to replace 
the sprocket witli new ones. If the chain is too loose, so that it 
"Svliips” when in service, the radius rods that are fastened to the 
axle at one end and the jack shaft at tlie other may be lengthened 
by the adjustment means providcnl to increase the center distances 
between the driving and driven spro<‘kels. Tightening chains must 
be done ivilli judgment as it is more undesirable to run them too 
tight than it is too loose, When a ehain has been tightened to a 
sufficient degree tlicre should still be a small amount of slacl^ which 
^ill permit the chain to drop at its lower side as shown at Fig. 387. 

A driving chain is tested for Mear by bending it sideways to 
feel the looseness between the link pins and bushings. After con- 
siderable Avear bus taken place on each of the bearings of the chain 
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links the chain will have lengthened out of pitch and should not 
be run as it will produce rapid wear of the ' sprockets. After a 
chain is worn it is apt to break when a load is suddenly applied, or 
when the engine is called upon to exert its maximum power as in 
climbing grades. The two forms of chains that have been gen- 
erally applied for driving an automobile are the roller chain as 
shown at Fig. 388, B, and the silent chain shown at Fig. 389. The 



Fig. 387.— Practical Application of Side Chain Drive. 

■ 

block chain, which is shown at Pig. 388, A, has been seldom ap- 
plied except on very early forms of automobiles. The roller chain 
is made in two main types, the quick detachable which is shown at 
B, and the riveted type as shown at C. With the riveted type new 
links can be replaced only by driving out the rivets with a steel 
drift after the ends have been ground off to permit driving the 
rivet out of the side plate. 

Quick detachable types offer the advantage of being taken apart 
at any point by removing a simple Jock member which may be in 


tile form of a Stainpcd plate, as shown at B or a split pin passing 
through the end of the rivet as shown at D. Even the riveted types 
of chains are joined together by a quick detachable link member 
which is called “a master link” to permit taking the chain off of 



the sprocket without having to drive out retaining rivets. The 
chain repair links are made in a number of types, those shown at 
E and P, Fig. 388, consisting of two side plates with the rivets 
or pins that form a bearing for the roller link shown at G. When 
it is not possible to shorten a chain by removing a roller link as 
at G, and one of the pin-carrying links as at E and F, a special 
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off-sot link sliown at II Is provided. As will be apparent tbis will/ 
join one of the side plate links with one of the roller carrying links. ^ 
The method of taking the chain apart shown at B may be read- 
ily understood. The ends of the roll carrying pin are provided 
with annular grooves macliiiied around them. The locking mem- 
ber is a stamped steel plate wiiich is pushed ovei^tlie pin and which ' 
has a horizontal slot in one end that is slightly less in width than 
the diameter of the rivet pin, and which therefore cannot come off 
of the pin when it is forced into the groove at the end of the pin. 



Fig. 389. — Showing Construction of Whitney Silent Chain. 


After the horizontal slot has been pushed over the pin, the end 
carrying the vertical slot is pulled downi over the other pin; The 
chain side links are provided with depressions in which a suitably^ 
raised punching in the link locking stamping springs when the 
locking member has been pushed in place. In the section of chain 
shown at B, the locking member at the left is about to be pushed 
in place while that at the right is shown in the position it occupies 
to prevent loosening of the chain link. ' 

The method of locking the master link on the Baldwin chain is 
clearly shown at P^ig. 390. In this washers of soft steel are used 




to fit the locking grooves in the end of the rivet pins. After the 
M’asher has been sprung in place, it is tightened around the pin 
with a pair of pliers. In the Whitney chain, also shown at Fig. 
390, the side plates are held by split pins which may be readily re- 
moved when it is desired to pull off the side plate. It is often found 
flifficnlt to replace a large lieavy motor truck chain on account of 
trouble in bringing the links sufficiently close together to slip in 
the masler link. This may be easily overcome by using a simple 
tool shown at the bottom of Fig. .390. This consists of a pair of 
hooks made of stock sufficiently small in diameter to go between 
th(' rollers and side 
|)lates of the chain 
link. One of 1 h e s e 
hooks is i)rovidod with 
a right Inuid lliread, 
the other with a left 
hand thread. A piece 
of hexagon bar stock, 
four or five inches 
long, is provided, a 
liole beijig drilled clear 
tliroiigh. One end is 
tupped right hand to 
match the thread on 
one hook, while the 
other end is tapped 
left hand to fit the 
thread on the other 
hook. When the hooks 
are started into the 
ends of the threaded 
bar, a very effective 
turnbuckle arrange- 
ment is obtained by which all slack may be taken out of the chain 
and the links brought near enough together to insert the master 
link. 

If chains are i)ropCrly cared for they will not wear as quickly 
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Fig. 390. — Two Types of Quick Detackalile 
Chain Links and a Simple Tool to Facili- 
tate Insertion of Master Link. 
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as when neglected. The careful truck driver will remove the chains 
every week and allow them to soak in kerosene so that all grit will 
be washed out of the joints. After this, the kerosene is thoroughly 
wiped off and the chain is immersed in melted tallow and graphite 
until the lubricant has a chance to penetrate between all the rivets 
and roller bushings. The surplus lubricant is wiped off of the 
chain after it has been allowed to cool and the cliain reidaced. The 
practice^ of oilidg the cliains with an oil can or with gr(*ase applied 
to the surfaces is not conducive to long chain life because it only 
serves to collect the grit and lead it to the bearing surfaces. The 
silent chain, wdiich has been adopted in a number of cases for cam- 
.fihaft drive in the engine and for couj)ling up starting motors and 
generators to the crankshaft, may also be used for final drive. It 
has been used in friction drive cars, notably tlie Lambert, Carter 
car and new models of the Metz touring car. Where this type of 
chain is used it is usually protected hy a casing and runs in an oil 
bath. When mounted in this manner the silent chain is not apt 
to depreciate rapidly, as is true of the roller chain wlien the links, 
rivets and bushings have worn the chain will stn^tch out of true 
pitch and wull become seriously w'cakened. If there is unusual wear 
or lost motion at these points the only remedy is rciplacement with 
a new chain. Whenever a new chain is installed on a car, it is 
imperative to replacje the sprockets as w'cll because a now chain will 
not run well on w'orn sprockets, nor will new .sprockets operate 
properly wdth a worn chain. 

Live Axle Repairs. — Among the parts of the live axle that de- 
mands inspection from time to tiiije are the differential and, driving 
gear assembly, which have been i)reviously deseribed, and those parts 
of th6 rear construction upon which its struct uraL strength depends. 
There are other points, such as spring seats, the brake mechanism 
and the bearings upon which the various rotating members are 
carried that must also receive attention. Noise from a rear axle 
of teik results when bearings that are too small have been used or 
when these have been of a type not properly adapted for the work 
they were expected to perform. For example, a number of axles 
has been marketed in which only single row or radial bearings 
have been used to take the thrust between the bevel drive gears in- 
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stead of supplying bearings especially adapted for that purpose. 
The pressure of the bevel gear teeth, as soon as it reaches a cer- 
tain point would cause a wedging of the balls and races, especially 
when the ear is on the lower speed ratios or if the transmission 
brake is applied sharply at full spec^d or if the wheel brakes are ap- 
]died witliout releasing the clutch. A harsh acting clutch will also 
impose these intermittent wedging stresses on the bearings. This 
is unfortunate because if by any such action the ball bearings have 
been put out of ' line, the distortion between the inner and, outer 
races will result in rai)id bearing depreciation w^iiich of course proJ 
duces considcrablo noise. Another trouble mot with in semi-float- 
ing axles is replacing wheel drive shafts for defective ones that are 
too short and which do not abut inside oC the differential. In this 
ease when one rear wheel skids viohmtly or is thrown against some 
obstacle on the higlway tlie severe end tlirust shock is frequently 
transmitted to a bearing supporting the differential which results 
in these members depreciating sooner than they would if subjected 
only to the load they are supposed to resist. It is considered good 
practice to transmit the shocks from one wheel to the other through 
the middle of the axle without engaging the differential housing, 
TJiis is done by the manufacturer wdieii he establishes a contact 
tween the two inner ends of the wheel shaft. AVhen the shafts are 
replaced or repaired care should be taken that Ibis mutual abut- 
ment takes place as intended. In some designs a large size steel 
hall is placed betwx'eii the axle ends, in others, fiber or steel washers 
having curved and straight sides are used, the curved sides being 
placed against each other, while the straight sides are placed against 
the shaft ends. Shafts of three-quarter op full-floated axles are 
not supposed to abut. 

The rear axles of many sliaft driven ears are braced with ten- 
sion rods, but after being in use for a time the vibration of the 
axle and the up and down hammering action that obtains over 
rough roads eventually lengthen the rods and relieve their tension, 
which, of course, results in a cessation of the functions they arc 
intended to perform. The tension rods should be carefully exam- 
ined from time to time to make sure that they are properly tight- 
ened as if loose a certain amount of sagging will take place which 
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rcsnltsi in luck ol‘ of flic pnris curried by the dhlerential 

housing' which will rc.sr/Jl in noisy nciioiL Many chscs of distorted 
^ nxlo housings hove ItCiUi imliccd in light curs that hove Ix-ru oper- 
died ov'T rnni>h mods. This will result in Ihc being bowed 

i.^} ihot (he iops ore jiciirer logether ihon the Jjoffoni, iis siiowii at 
Fig. In niony coses the sjyrung oxle Jioiisifiir may be drawn 

Ijaek ill lipe and njaterially stri'n^rtlieiied by flie use of a truss rod 
placed under tJie diflei-ential liousirig and atlaelu'd at the wheel (‘iid 
of till! a.\le by .some form of edamp, i)assiiig around that luembor. 



Fig. 391. — ^Method of Bracing Sprung Bear Construction ty Tru.ss Rod. 


The j-od should be at least half an inch in dianieler and Ije mad** of 
cold rolhjd steel. A turnbucklc is placed iii the rod to draw the 
parts tojyelher and strai^^liten out the axle housini?. The condition 
tjhown in the diagram is exaggerated in order to make the defective 
condition clearer. It is not possible to take out all the sag if an 
axle h'as been neglected and it is also important to notice whether 
the wheels are loose because of w^orn bearings or whether the wheel 
driving axle is bent before any attempt is made to compensate for 
this defective condition by trussing under the roar construction. 

Tn many cases where the bevel driving gears have worn the 
repairman has the job of replacing the worn parts. In some cars 
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tli(* riiip: gear is riveted to the differeutial etise flange, tliougJi in 
most oJ' the modern tlesigns it is attaeJied to tliat meinher by nufaiis 
oJ' bolts. IC the threaded retention members are used it is not a 
‘diflieuJt |)roi)ositioii to remove the bolts and the old gear and fasten 
the new om* in jdaee. AVhere the ring gear is alta(*hed by rive*ts, 
however, an entirely diiTennit ]n*oeeduiv must ht; followed. The 
first step is the reim^val of the old gear by ehij)]>ii]g oif tluf rivet 
heads with a sliarp ehisel in order to dl■iv^^ tiu* old ri\ets out or tc 
’^drill out the rived head if this is of tlie conntej-sniik type. j\fter 
tlie rivets have all been driven out and tlje old ri?ig gear removful, 
IIk' flange should he earcd'uJly gojie over and all upstanding burrs 
slioLild be smoolh<‘d down with a file. Any irregularity on tJie 
jflange will rc'sult in the ring gear being out of true, as far as its 
meshing with the driving pinion is eoneerned. 

Hot rivotitig is preferable to cold riveting be(*ause when the 
rivets are ])iit in ri»d hot they fill the Imles belter as they arc h(»,aded 
over and additional holding jmwer is s(*eur(‘d by the eooling shrink. 
4T11 order to make a. neat job of riveting it *is im])(*rative to use a 
rivet set. A skillful meehauie may be able to form up a head with 
a peejiing hammer but this at best is a slow job and there is always 
some clanger of injuring the dilTereiitial casijjg or the gear teeth 
should the hammer slip. 

j A rivet set is very easily made by using a bar of steel about 
one ineli scpiare and five or six indices long, tapering otf tlu^ end so 
it will fit ill the space between the gear teeth and the ditferential 
casing and forming the depression in the end that nakes the rivet 
Jiead either by drilling in with the point of a drill, or by heating 
^tlie bar of steel to a good forgijig Jieat and making the depression 
by driving a rounded bar of steel to conform wdth the rivet head 
into the headed end. 

The usual size of rivet used on small cars is j 4 -inch. On the 
larger pl(*asure cars, ^^-incli or ^-inch diameter rivets will be 
used. The rivet should be sufficiently long so that it will project 
^through the flat surface against wliich the head is to. bear a length 
equal to times the diameter of the rivet stock. The w'ork of 
riveting must be quickly done. The rivets are heated in a forge 
and when red hot arc placed in the hole, the head end down against 
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an anvil wliile the projecting end is headed over with a rivet set 
and a f) pound hand sledge or machinist’s hammer. After the first 
rivet has been placed, the next one to go in should be put in dia- 
metrically opposite. This holds the gear firmly in place against 
the difl:crorilial gear case flange, after which the other rivets may 
be put in as suits the convenience of the operator. It is well to 
bear in mind that a well rounded rivet head is apt to have more 
strength than large, roughly flattened heads that have been pro- 
duced by hammer blows and without the use of a rivet set. 

Axle Lubrication. — Many cases of noisy driving gears result 
from lack of lubricant in the differential housing, aiid a number of 
oases of rapid depreciation of live axle bearings have been traced 

to neglect in oiling 
these essential parts. 
The reason for this is 
that most of the axle 
members are lubricated 
through the medium of 
compression grease 
cups, wdiich are more 
or less inaccessible un- 
less the operator g(^t.s 
under the car. The* 
average motorist who 
lakes care of his own 
car does not enjoy get- 
ting under the chassis 
unless absolutely nec- 
cssar}". Points that 
must be reached peri- 
odically are apt to be 
neglected, whereas if 
the oiling was not too much of a task, they w^ould receive regular 
attention. If a rear axle on a practically new car grinds or hums 
the first step is to introduce some grease into the differential casing 
unless the noise is so pronounced that it is evident it must be caused 
by lack of alignment or poor meshing of the driving gears. 



Fig. 392. — ^How to Rivet Driving Ocar to 
Differential Gear Case. 
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Most difTorcntial housings liave a removable cover plate leaving 
an opening through which grease may be introduced when neces- 
sary. It is somewhat of a task to remove this cover, so many makers 
provide a plug through which the spout of a syringe or grease gun 
may be introduced to advantage. 

A v(‘ry practical form of grease gun is showui at Fig. 393, A. 
This is filled with the grease used for oiling the differential gears 
by drawing the plunger to the extreme outward positioif and re- 
moving the threaded closure member to whicli the spout is at- 
tached. This makes it possible to pack the grease in the pump 
barrel afl(T which tlie cover is screwed back. In order to force 
the heavy lubricant 
out, a siiujde ratchet 
mechanism is x)rovided, 
w’orked by a handle, 
which i)r<»vi(Jes consid- 
erable leverage, this 
working against a se- 
ries of rateliet teeth on 
the plunger rod of tJie 
pump. By grasx)ing 
the pump as shown it 
is possible to empty the 
syringe with very lit- 
tle exertion by moving 
the trigger-like lever 
to push in the plunger 
to displace the grease. 

Other forms of grease rig. 393.— Methods of Luhricatliig Rear 
guns have a tlircadcd Construction, 

plunger rod, which 

may be serew^ed in the barrel to force out the grease; some use 
compressed air. 

AVhere grease cups are fitted in important but inaccessible places 
the conscientious operator is obliged to reach under the chassis and 
^,ssume uncomfortable positions, not to mention the ever present 
danger of soiling the clothing. An easily made and inexpensive 
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device is sliowii at Fig. 393, B, wliidi will bring the grease cup 
to a point wliere it may be easily reached. The material necessary 
consists of a piece of ordinary one-eighth inch gas pipe, an elbow, 
coupling, and a sliort nipple which are joined togetlu*r .as indicated. 
To install the device the cup is removed and the distance measured 
from the part to be lubricated to the most convenient point where 
the grease cup is intcnd(id to be placed. Practically all compres- 
sion grease cups are provided wntli a one-eighth inch standard male 
gas-pipe thread. AVhen the grease cup is removed from the axle 
there should be no difficulty in placing a iiijiple in the opening left 
by the withdraAval of the grease cup. Tlie elbow is attached to the 
nipple, after wdiich the piece of pipe, which lias been cut the proper 
length and threaded at both ends is screw’ed into the elbow at one 
end and the coupling screwed on at the other. The grease cup is 
then screwed into the female thread at the end of llie coupling. 
Care should be taken to fasten the pipe at the grease cup end by 
means of a metal clip, as if it is not securely fastcnetl to some part 
of the axle it will be apt to break off due to vibration. It should 
be remembered that it is necessary to fill the entire length of pipe 
wdth grease before any will reach the bearing point, therefore it 
is important that the grease cup be refilled a number oC times to 
make sure that grease will reach the bearings. 

No part of the automobile is exposed to more dust and dirt than 
the operating linkage of the hub brakes. Upon the majority of 
automobiles no means are provided for effective lubrication of those 
parts. -<\ny looseness of the bearing pins causes a disagreeable 
rattling due to rapid wear of the dry bearings. The usual method 
of lubrication is by a squirt can, oil being applied to the crevices 
betw^een the moving and stationary parts with a hope that it may 
find a way betw’een bearing surfaces. It is well to wipe off surplus 
lubricant from the outside of tlie joint, as this only serves to at- 
tract and hold road dust. ^ 

Uethods of Retaining Lubricant in Wheel Hubs and Differ- 
ential Housings. — The retention of lubricant and exclusion of dust 
is one of the problems confronting the designer of automobile axles 
that can be solved in a number of different ways. It is important 
to prevent the escape of grease from the differential housing be- 
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Fig. 304! — Showing Typical Methods of Retaining Grease in Differential 
Housings and Wheels. 

cause it will accumulate on the internal brakes and reduce their 
efficiency. While it is difficult to overcome leakage due to an ex- 
cessive supply oi* lubricant, if reasonable j^recautions are taken in 

# 16 respcjct, an axle housing may be nuuh^ practically grease tight. 

numl)er of oil-retaining methods selected at random and known 
to give satisfactory results in practice is depict(?d in accompany- 
ing series of illustrations. 

A worm gear drive axle is more apt to lose oil because this form 
of gearing demands more lubricant and of a more fluid nature than 
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tliat ordinarily supplied to bevel gear driven axle housings. An 
ingenious application of a self -tightening stuffing box is used in the 
construction outlined at Fig. 394, A. The tubular housings that 
enclose the live axles project into the ditfcrenlial ease and have an 
enlargement at the end closed by a packing n'tention nut. This 
bears against one wedge-shaped grapliited packing which fits the 
taper scat oi tlic other packing element. As a certain amount of 
wear is unavoidable as the shafts revolve inside the packings, some 
method of keeping the i)ackings properly seated is necessary. This 
is accomplished by a coil spring wdiich^hokls the packings in inti- 
mate contact Avitli the. sliaft. AVhen the ear rounds a. curve and 
the lubricant is thrown to one side, the space bt'tween the sleeve 
tube and liousing acts as ii pocket and retains the oil, allownng it 
to flow back to the bottom of the housing wdien the car is no longer 
tilted. 

In a number of cases, fett washers fonu an elTcdive harrier 
against passage of oil along the shaft, though wlion these arc em- 
ployed, a supplementary packing member is utilized at the wheel 
end of the axle. Two felt washers firmly held betw’eeii steel clamp- 
ing plates may be fitted as at B, or a special composite member as 
outlined at C may be substituted. The packing member is inclined 
as showm, so that the oil carried around by the axle wdll be de- 
flected back to the bearing bomsing. 

The self-adjusting stuffing box arrangement shown at D is simi- 
lar iu design to that outlined at A, except that more felt w^ashers 
are used and metal wedges are depended on to keep the washers 
bearing against tlie axle. As in the other design, the pressure of 
a substantial coil spring keeps the metal wedges in firm contact 
w\tli the felt x)ackings. 

There is no better knowm or more effective method of keeping 
oil from leaking out of the axle at the wheel end than the patented 
oil slinger invented by Weston-Mott engineers and depicted at E. 
The* function of this member, which I’cvolves wdth the wljeel, is to 
throw the oil which leaks by the felt washers into an oil catch basin 
cast integral wdth the brake-band carrying i)late. A bent pii)e at 
the bottom of this chamber allows the oil to drain off to the ground, 
clear of the brakes and tires. 
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The method shown at F involves the use of a tapering axle hous- 
ing tube and a bearing retention nut carrying a liberal felt washer 
in an annulus machined therein. Should any oil pass by the felt 
washer, that member must be renewed. The construction outlined 
at G is a combination of felt washer to restrain the oil and a catch- 
basin to hold any lubricant that escapes past the Celt packing. The 



Fig. 395. — Miscellaneous Grease Retaining Methods. 

oil container is attached to the easting used to support the brake 
assembly. This system is used by tho Salisbury Wheel & Mfg. 
Company. 

The methods of grease retention shown at Fig. 395 are similar 
to those previously described. At A, a simple oil retaining ring 
and fell packing arc believed snfBcieiit. At B, we liave a modifica- 
tion of the idea shown at A, in which a more liberal felt washer is 
used which is held in a pressed steel retaining member. The stuff- 
ing box idea as shown at C is more often used on transmission gear 



792 


Automobile Repairing Made Easy 


eases than on rear axles, but as the gear case is sometimes eombineir^ 
with the differential housing a packing of this form may be found 
on the rear axle. In order to prevent oil leakage it is necessary 
to screw up on the packing ring to compress the felt more tightly 
against the shaft. Before the adjusting member can be turned it 
is necessary to release the locking screw wliich must be replaced 
when^the stuffing box has been properly tightened. The automatic 
stuffing box shown at D is used on some Overland rear {ixles. This 
consists of a substantial felt washer held between steel plates, a. 
constant j)ressure Jigainst the WMsher being exerted by a coil spring. 
Other Overland models have the grease packing shown at h'ig. 395, 
E. This is the form of stuffing box widely applied in marine use 
which must he taken np from time to time to compensat(i for wear- 
ing of the felt packing immiber. If grease escapes from the end ^ 
of the axle shaft and accumulates on the wheels or tires, this may 
be taken as a sure indication tliat the felt packing is Mwn and must 
be replaced wdth new washers. It is not only desirable to keep 
the grease in the axle on the score of cleanliness, but also on that 
of economy of lubricant. 

Types of Axle Bearings. — At the present time most automobile 
axles are equipped with anti-friction bearings of various types. 
These may employ either ball or rollers as load carrying elements. 
Two common forms of ball bearings arc shown at Fig. 396, A and 
B. The cup and cone type shown in part section at A has been ^ 
wddoly applied to the front wheels of light and medium priced 
pleasure cars and in some cases as a support for the sides of tlie 
differential. It is an angular contact form and requires adjust- 
ment. The bearing at B is an annular form intmided only for sup- 
porting radial loads. It is a non-adjustable unit and when it wears'^' 
it must be nqffaced with a new bearing. 

The roller bearings used arc in three main forms, that shown 
at C using straight rolls of solid steel, that at D using solid taper 
rolls and the forms at E and F which use straiglit, hollow rollers. 
The taper roller bearing and the cup and cone type ball bearings ..t|| 
arc of the ‘‘take up’' type. This means that they must ho ad- 
justed for smooth running and all lost motion eliminated after the 
members they support have been assembled in the rear construe- 
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Fig. 396.— -Outlining Conventional Types of Ball and Boiler Bearings. 
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tion. Both of these hearings have angular load lines which adapt 
them to resisting end thrust and radial load in combination. The 
annular ball bearing sliowu at D is capable of withstanding slight 
end thrust but is not generally sold for tliis purpose. The straight 
roller bearings have, no end thrust capacity and when used in an 
axle must be supplemented by other bearings, usually ball thrust 
washers, that arc adapted to resist the end thrust. 

The Hyatt bearings, which are shown in the standard form at 
E, and the high duty type at P, have rolls jnade in the form of close 
wound spiral springs. This bearing has been very w'idely used, as 
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rig. 397. — ^Illustrating Two Methods of Mounting Front Wheel Hubs 
on Ball Bearings. A — Cup aud Cone Bearing. B — ^tTnlt Type Nou- 
Adjustable Bearings. 

is also true of the Timken roller bearing shown at D. In the stand- 
ard type Hyatt bearing the long rollers are intended to bear di- 
rectly on the shaft they support. In the high duty form the alloy 
steel rolls are shorter and are provided with accurately ground iii- 
ner^and outer race rings. 

Two applications of ball bearings to front wheel hubs are shown 
at Fig. 397. That at A, uses Badax bearings which arc of the an- 
gular cotitact cup and cone type. The method of adjustment is 
clearly outlined. The wire wdioel hub shown at B is mounted on a 
combination, mounting consisting of a double row bearing clamped 



Removing and Installing Ball Bearings 795 

firmly in the master hub shell and also tightly held on the wheel 
spindle. The single row bearing on tlic outer end of the wheel 
spindle is not called upon to lake any end thrust as the double row 
bearing is. If any looseness develops in the hub mounting shown 
at A, and upon examination the bearing coinx)onents are found to 
be in good condition, the trouble may be easily corrected by screw- 
ing up on the adjusting nut to bring the cone of the outel* bearing 
more firmly in contact wdth the balls which in turn push the outer 
race member arid the hub it supports over towards the steering 
knuckle and take out any lost motion which may exist between 
the parts of the inner bearing. When looseness develops in the 
hub of the form shown at B, the trouble is usually due to the lock- 
ing nut on the end of the spindle becoming loose and allowing some 
clearance between the spacer and the bearing inner races. The 
remedy for lliis condition is to tighten up on the nut to bring the 
bearing races and the spacer into more intimate contact. In exam- 
ining bearings of ihc non-ad justable form it is imperative to have 
these perfectly clean as small particles of dirt will make them run 
harshly. TJie irni)!*cssion a dirty hearing will give is just as bad 
as a worn one will produce, so before a bearing is condemned it 
should be thoroughly cleaned. 

Removing and Installing Ball Bearings. — Many anti-friction 
bearings are damaged in removal or durijig application when re- 
pairing mechanism in Avhich they are moiuited, but this results 
more from ignorance of their nature than delii)erato iutent to dam- 
age them. A common cause of bearing failure is noted w^hen they 
are driven in place by blows from an ordinary machinist’s hammer 
applied directly to the bearing face or through the medium of a 
steel drift or blunt cold chisel. Ball bearings should never be 
driven in place or removed by use of steel or other hard metal 
tools because the race members may be permanently sprung or de- 
formed by this treatment. Wherever the construction permits^ 
which is true of most automobile applications, bearings should be 
removed by direct application of pressure to the part that is tightly 
fitted. When a bearing is mounted in a wheel hub> ag indicated 
at Fig. 398, a simple form of wheel puller can be, employed to ad- 
vantage. This is a substantial casting of malleable iron or bronze 
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1 inaclo approximately the aame shape as tlie liub eap, threaded in- 

■ side lo fit the hub and having a substantial set screw at least 

■ inch diametiu' passing through the threaded boss at the center. The 
screw sliould be long enough to pull the wheel and bearijig entirely 
off the spindle or axle tube. A shouldered plug of steel with a de- 
pression drilled in to locate the screw point may be pushed in the 
hollow tube to centralize the screw pressure. In use, the wheel 
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Tig. 398. — Showing Construction of Simple Wheel Puller for Removing 
Wheel Huh From Full Floating Bear Axle. 

puller casting or wheel is kept from turning, so that as the screw 
advances, it pulls off the wheel and the bearing it contains. 

A modified form of ])uller having two arms and a cross beam 
that can be used when a bearing cone must be removed from an 
axle or spindle is outlined at Fig. 399, A. An attachment to per- 
mit it to remove a bearing of the unit type such as a single or 
double row annular without exerting any pressure on the balls or 
cuter race is clearly depicted at Fig. 399 B. This consists of a 
split casting adapted to be clamped loosely around the shaft back 
cf the bearing inner race and any pressure exerted to remove the 
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Fig. 399. — ^Methods of Removing and Installing Ball Bearings Without Damaging Them. 
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bearing is applied directly against the member which is a force 
fit on the shaft. When any form of hub or bearing puller fails to 
start the member to which it is applied by direct pull, its action 
may be accelerated after the screw has been tightened sufficiently 
to place the parts under a certain initial tension by a few sharp, 
well directed hammer blows on the beam or main body of the 
device." 

In all cases where possible, the pressure applied to remove a 
bearing or part should be exerted directly against the portion that 





Fig. 400. — Simple Tools for Ball Bearing Installation and Removal. i 

is a tight fit on the shaft or in the housing. In most cases it is 
the inner member of the bearing that is a force or press fit on the 
shaft, the outer race member is usually a push fit in the housing 
and may be easily removed. If it is necessary to force the bearing 
off with a series of blows, always use a brass or hard babbitt metal ' 
bar or drift between the bearing and hammer, or even a piece of 
hard maple, hemlock or oak. Do not direct all the blows at any 
one point oh bearing as this tends to cramp it and will make it ^ 
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harder to drive off. Distribute them evenly around the entire cir- 
cumference, always having successive blows at points diametrically 
opposite. When driving bearings in place, it is always best to use 
some form of soft metal yoke meml)er as sliowui at Pig. 399, C, or 
tubular section piece as shown at Fig. 399, D. With either the 
yoke or the other tubular form tlic hammer blows are distributed 
evenly and the bearing is driven in place without injury to cither 
shaft or bearing couiponeiits. Wlicii a donblc fork member is used, 
one end can be made 1o drive against tlie inner race member while 
the other caji be spread ejiough to fit the outer race if desired. 

TJie method of driving an inner race in place shown at Fig. 
400, A, is recommended by the IJess-Briglit Bearing Company. 
This is a cast brass tubular member })roporlioned about as shown. 
Mallea))le iron or any relatively soft materia) will answer in place 
pf the brass. Jt is ))ossible in many cases to make very satisfac- 
tory bearing installing mernbt‘rs of standard brass pipe. Most ball 
bearings have the si/e iiiimber stamped on the sivle of the inner 
race. When installing ll(‘ss-Bright hearings always place the un- 
numbered side on fiist wlieii driving in i)Iace. The too! shown at 
Fig. 355, B, is rocoinniend(?d for removing bearings. The essential 
point to observe is to exert a stcaily, uniformly distributed pull on 
the back side of the inner race in pulling that member off the 
shaft, instead of against the outer race and the ))alls. The method 
of operation is very simple, the inner split ring A is placed back 
of the inner race X. Tlic split ring is held together by a solid outer 
ring B placed oji its circumference liaving holes for the straddle 
bolts D, dircHitly over the joints in ring A. The outer ring B is 
connected to the cross bar E by the two straddle bol^ts D. Cross 
bar E is supported by the set screw F entering the shaft center 
hole and the bearing is easily withdrawn from the shaft by apply- 
ing a wrench to the set screw. 

In adjusting cup and cone ball bearings or taper roller bearings 
it is necessary to make the adjustment very carefully in compen- 
sating for lost motion that exists in the assembly. The condition 
of the bearings may be determined without difficulty when these 
are used in the wheels by jacking up under the axle to raise the 
wheel clear of the ground and thus relieve it of car weight, then by 
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grasping the wheel rim at opposite points and attempting to shake 
the wheel. Any looseness in the bearings can be detected by lost 
motion between the wdieol liiib and spindle. Care should be taken 
not to confound this lost motion with looseness in the steering 
knuckle supporting pin. 

In taking up lost motion wdien any tyi)e of adjustable bearing ! 
is emi)loyed, considerable jinlgnient must be exercised in screwing 
up on th(i adjusting member not to get tliis up too tightly and im- 
pose an injurious end pressure on the balls or rollers. An excess 
pressure that will str(‘ss llie bearing parts dangerously wdll not 
make much cliiTerence in the w’lieel resistance when turned by hand, 
though when the car weight must be sustained at high speeds or 
wlien going around cornt'vs the resistance will Ixi increased mati^ri- 
ally and bearing eiidiirancc redneed in pro])ortion. A safe rule to^ 
follow is to take up the wear by screwing in the adjustment iiut^ 
enough so the ^Sshake” or looseness will ho eliminated and yet [)er- 
mit the wheel to ^‘si)in’' for a few revolutions when given an ini- 
tial impulse. Many motorists and even inexj)erieneed mechanics 
eonunit the error of adjusting bearings of the ‘‘take up’’ tyj)e too 
loosely. This is not desirable, any more than fitting parts too 
lightly together is. Always lock adjustment nut firmly in place 
W’hen proper adjustment has been secured. 

In some gear boxf*s and axles, the bearings are shim adjusted. 
A number of thin wasliers of sheet brass may be interposed between 
the bearing cup and the retainer cap. When taking down an as- 
sembly of tliis nature always keep the shims from any bearing 
box together and tagged for future identification to insure that the 
adjustment made in the factory will be maintained after reassembly 
in the repair shop. If the bearings are loose for any reason, add 
thin shims about .005-inch thick to the others, until there is no ajl- 
preciable lost motion and yet no binding between bearing parts. 

A word of caution is necessary to the inexperienced motorist 
w^hen tightening adjustable bearings of the cup and cone type. The 
first thought when looseness is detected is to tighten them by bring- 
ing the cones into closer engagement with the balls and thus forcc^'i 
these members more tightly against the bearing cups. This should 
never he done witliout examining the condition of the cup, cone 




Fig. 401. — ^lUuatrating Depreciation in Cup and Cone Bearing at A and 
B and Method of Removing Cone from Wheel Spindle at C. Use of 
Drift in Driving Out Anti-Friction Bearing Cups from Wheel Hub 
Outlined at F. 


and ball and separator asseinbly. If a groove has worn in the cup 
and cone, as shown at Fig. 401, A, due to flaking away of the metal 
under load, nothing will be gained by adjusting the bearing by 
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bringing the cone into closer engagement. This will cause the balls 
to ri(ie on the sharp edges of the grooves as shown at Fig. 401, B, 
which will result in rapid destruction of the entire bearing, be- 
cause either a broken ball or some of the flaked particles of steel 
will get between the bearing parts. AVhen adjustable bearings be- 



Flg. 102. — ^Wtaeel Bemoved from lUotor Truck Front Axle to Skow 
Arrangement of Bearings on Steering Spindle. 


come worn it is necessary to replace both worn cup and cone as 
well as entire new series of steel balls. 

When it is necessary to replace a bearing the old one must be 
removed, and while a number of tools has been described that 
work very well on modem cars, some difficulty will be experienced 
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on those of early design because no provision was made for easy 
removal as is now the case. The easiest method of removing a bear- 
ing cone when it is forced on a wheel spindle and no opportunity is 
present for using a special puller is shown at Pig. 401, C. A sharp 
cold chisel is used, tliis being driven between the cone and the 
shoulder against wliicli it is forced on alternate sides, first above^ 
then below, and then on either side until the cone has becfti worked 
off of the wheel spindle. Similarly a ball or roller bcAnng cup 
that is a tight fit in a hub may be driven out by careful ap- 

plication of a brass drift as shown at Fig. 401, P. The hammer 
blows should never be directed at any one point of the cup because 
if the prcssuj'e is applied at one point only it will cramp the cup in 
the hub and any further hammering after the cup is ‘^cocked'' will 
only serve to make it more diffienlt to remove. The method of re- 
moving a cone from a long shaft by a piece of pipe as at B, and by 
a gear puller as at Fig. 401, E, Is generally understood by repair- 
men. If the cone resists either of these metliods, it can be forced 
off under an arbor press. 

Lubrication and Enclosure. — Ball bearings do not require the 
continual application of lubricants that is called for by plain bush- 
ings, and, to a lesser degree, by roller bearings, but this does not 
mean that lubrication can be neglected or done carelessly. The 
important point to observe is that none but pure mineral oils or 
greases be used, as any that show' traces of acid or alkali, or that 
may become rancid from oxidization will cause etching and rough- 
ening of the highly finished surfaces of the baUs and races. Lu- 
bricants best adapted range from light machinery oils, used in 
small high speed bearings, such as fitted in magnetos, lighting gen- 
erators or starting motors, to the viscous grease iitilized in those 
subjected to heavy loads and revolving at lo^v speeds as wheel bear- 
ings or differential bearings. Wlierever the bearing can be im- 
mersed in a bath of oil and properly protected from water and grit 
a lighter oil can be used, hut w^hen the bearings are housed where 
dirt or water may get in, then the use of ample quantities of vis- 
cous lubricant, such as vaseline or other mineral grease that is 
free from acid prevents the foreign matter working in between the 
balls and races. Ball or roller bearings arc generally enclosed in 
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jsuch a manner that there will be no opportunity for dust, grit or 
water to enter, and if this function is properly performed the clo- 
sure will also be tight enough to prevent escape of oil. 

Importance of Proper Maintenance Emphasized. — Despite the 
extreme care taken in manufacture, bearings of the leading makes 
sometimes fail in service, and the motorist or average dealer, ever 
ready to condemn that which he does not fully understand, attrib- 



Fig. 403.-*Wlieel Bemoved from FuU Floating Axle of Motor Truck to 
Show Method of BaU Bearing Installation. 


utes the cause of failure to careless w^orkmanship or the use of 
poor piaterials on the i)art of the producer, whereas the trouble is 
often due to conditions which are entirely within the user’s control. 
A ball bearing must have a certain amount of running clearance, 
but in the leading types this is mucli less than in a i)lain bearing, 
it being common practice to allow a radial freedom never greater 
tliaii .001-inch. In connection with this, in single row radial bear- 
ings an axial freedom or end play of the inner race relative to the 
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the gears, or sand loosened from the interior of the gear case or 
rear axle housing castings. In sliding gears, especially when oper- 
ated by an inexperienced person, tliere ’is a constant clashing of 
the pinions in changing speed, which tends to loosen particles of 
metal from the teeth. These fall into the lubricant, and are 
churned around and often find their into the ball races. The 
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Drive Fits roR Ball Bcrrings etc 

Fig. 405. — Chart Showing Driye Fits for Ball Bearings, etc. 

Vapid failure of the bearing is the inevitable consequence. The 
importance of proper mounting has been so firmly impressed upon 
the automobile manufacturers that but little trouble is caused from 
improper installation in cars of reputable makes. Hence we are 
forced Ip consider the user in many cases when analyzing causes 
of bearing failure. 

There is a condition that is beyond the control of the manu- 
facturers of either the bearings or the mechanism to Avhich they 
are fitted, and that is tlie use of impure oils, and carelessness in 
washing the running gear and other parts of automobiles. TSiany 
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Fig.' 406. — ^Table of Standard Fits for Ball Bearings. 


casfs of failure of wheel hearings have been directly attributed to 
rust caused by the indiscriminate application of a stream of water 
at 40 or 50 lbs. pressure per square inch which is not uncommon 
in many city water mains, to the parts of tlic car in which they are 
mounted. The water finds its way into the bearings, causes the 
highly finished surfa<!os of the balls and races to rust, and the ex- 
treme accuracy in manufacturing and the care of installing is 
fruitless in preventing breaking down of the bearings. The user 
will not deliberately clean ofl" the parts of the power plant with a 
hose, the evil effects of water at this essential point having been 
brought to his alteiition too forcibly by troubles in carburelion and 
ignition, yet the same person who is so extremely careful of the 
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-motor, will spray other parts, fully as important in the duties they 
perform, with a stream of water under high pressure. 

That rust is absolutely destructive to ball bearings has been 
thoroughly proven in so many instances that the contention cannot 
be questioned. Of w'hat value is extreme accuracy of finish of the 
balls to .0001 of an inch if the advantages accruing arc to be miti- 
gated by^ deposits of rust of much greater thickness than the limit 
established in manufacturing. Such a condition can be as easily 
recognized by the novice as by the most expert for even if the 
bearing has been cleaned so that no ferric-oxide is visible to the 
eye, there will be a number of pits or depressions on the various 
parts of the bearings, especially at the highly finislird ball surfaces, 
which are clearly evident. While these minute irregularities are 
sometimes caused by overloading and the flaking off of the metal 
which results from this condition, if due to causes other than rust 
and acid, tlie roughness would'be confined to the ball tracks, w^here- 
as excoriations resulting from chemical action will be in evidence 
on all parts of the bearing. 

It is a known fact that many oils and greases contain acids or 
alkalis, either as a necessary component of their chemical composi- 
tion (as in some animal fats that contain stearic acid) ; as a part of 
some filler used to adulterate the oil or alter its viscosity, and some- 
times as a residue of some of the processes of purifying that ob- 
tain in refining from the crude product. The presence of acid in 
lubricants will cause an etching with irregular edges, in contrast 
to the clearly defined rust marks. A good lubricant for bearings 
is a slush made of pure vaseline and lighter mineral oil this being 
heated to make its viscosity less and enable it to penetrate all 
parts of the bearings, no matter how minute the spaces. When 
the bearing has been dipped in this and allowed to remain long 
enough to permit the oil to reach all parts, it is taken out and al- 
lowed" to cool and the surplus lubricant is wiped off the outside. 
Such a mixture will stay in place and will not run out like lighter 
oils, and at the same time its viscosity is not so high that it will 
produce unnecessary friction. 

How Bearings Should Be Cleaned before Examination.— An> 

other point that can be criticized is the common method of clean- 
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Fig. 407 — ^Dlustrating ConstrucUoxi of Internal and Sstemal Brakes. 
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ing ball bearings in the average car repair establishment or ma- 
chine shop. They are often dipped in dirty gasoline in which old 
gears and other parts have been previously cleansed, and this ma- 
terial is often so full of metallic particles, that as soon as it is 
stirred up enough to disturb the sediment, instead of liavijig a ^ 
clean bearing, one has filled it with deleterious substances without 
knowing it. A simple solution of common washing soda and hot 
water, such as is used in many shops for cleaning greasy parts and 
assembled bearings at the completion of the manufacturing process 
offers important advantages. This can be easily made by taking 
about a handful of the soda to the pail of boiling water. The 
cleaning agent should bo kept nearly at boiling ]>oint while in use?. 
The bearings are jdaced in a wire basket, or hung on a wire and 
dipped in an alkali solutiem a few times to remove all dirtj tlu^n is 
they are immersed in clea!i kerosene and given a swirling motion 
to have this material tliorouglily ch:ar out all traces of the soda. 
The bearings sJioukl not be allowed to remain in the wash more 
than a few minutes at the most, and a fe^w dipiungs are all tlial 
is necessary to clean them out thoroughly and cut all the hard and 
rancid grease or remove any metallic dust present. After examina- 
tion of iised parts, if the bearings are clean, the surfaces bright 
and there is not too much looseness, they are in good condition. 

A little attention given to careful inspection and consistent lu- 
brication of bearings will be amply compensated for by the in-^^ 
creased service obtaine<l and augmented efficiency. The important 
rules upon which efficient ball or roller bearing service is based 
can be summed up in a very f(?w words. 

First, inspect the bearings from time to time and see that they 
are clean, and the lubricant does not contain foreign matb^r, es> 
pecially in gear boxes and differential casings. 

Second, be careful in supplying new lubricant that it is free 
from acid, alkali, vegetable or animal fillers or other deleterious 
substances. 

Third, wlien installed in exposed parts of motor cars, be careful 
when washing not to direct the stream of water directly against 
bearing honsings of the parts. 

Brake Forms and Adjustments. — The brakes used to retard 
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Voter car motion are a part of tlie car that are not only used, but 
which are often apt to be abused. Brakes arc of two general forms, 
the internal type as sliown at Fig. 407, A, and the external con- 
stricting band type as exemplified by the outer brake of the assem- 
bly shown at Fig. 407, B. Inlernal brakes may be either metal 
shoes that are in metallic contact with the brake drums attached 
to wheel liubs 'when applied, or members faced with some ai^bestos 
frictional material which can be replaced when worn. The internal 
brakes may ho cam- expanded as the forms shown at A arc or may 
be worked by a WTdge expander as the internal brake, expanders 
of the assembly shown at B. As a rule no adjustment is provided 
on cam expanded brakes in the brake construction itself. On ex- 
ternal brakes, means of adjustment are usually ineliided. 

AVhen full movement of a hand lever or jx-dal fails to engage 
an internal brake tlic first step is to remove the wheel to make sure 
that the slipping is not duo to deposits of grease or to worn brake 
facings. If the brake faedng is clean and not worn unduly, the only 
practical means of adjustment is by tightendng up on the operating 
linkage. This is easily done by shortening the brake control rod. 
In the construetion shown' at Fig. 408, B, this is easily aeeom- 
plislied hy turning up on a turnbuekle set into the brake rod. In 
all eases, even if the turnbuekle is not provided, the clevis at the 
end of the rod may bo screwed up further on the rod which has. 
the same effect as shortening the rod by a turnbuekle would have. 

Care should be taken in adjusting brakes by altering the length 
of the brake rod to have the brakes on both w'hecls take hold at 
the same time. In the construction shown at Fig. 108, A, this may 
be done by unloosening the clamp bolts and setting the lever oper- 
ating the right brake at the proper point in the slot of the master 
lever 'which also operates the left brake. On an external brake of 
the form shovrn at Fig. 408, C, the means of adjustment is readily 
perceived. With an external constricting brake it is merely neces- 
sary to reduce the circumference of the brake band by screwing" 
-up an adjustment to provide for minor depreciation of the brake 
lining. 

On the Overland cars, when it is desired to adjust the brakes- 
this is easily done by loosening a damp bolt passing through the 
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Fig. 408. — Showing Methods of Brake Adjustment. 


lever to which the rod is connected and a slotted actuating member 
pinned to the shaft employed in operating the brakes. It is merely ^ 
necessary to rock the member over so that the brake parts will be 
nearly in engagement with the brake lever or pedal fully released 
and then to maintain adjustment by screwing the operating lever 
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tightly against the actuating member with the clamping bolt. Suf- 
ficient range of adjustment is provided to take care of all brake 
slippage other than that caused by worn brake lining. This method 
of adjustment is clearly shown at Fig. 408, D. 

Expanding brakes are harder to fix than constricting brakes es- 
pecially if. they are of the solid shoe form and not i^rovided with 
frictional material. The first step in examining the internal brake 
is to remove the wdiecl which is done with a wheel puller hs shown 
at Fig. 409, A, if the rear construction is of the semi- or three- 
quarter floating type. The full floating wheels may be removed as 
shown at Fig. 398. When the brake shoes are of the solid cast 
form an adjustment for depreciation may he made, as shown at 
Fig. 409, D, providing some of the wear is at the point where the 
cams aet to spread the brake shoes apart. Ft is possible to put a 
thin piece of hardened steel on the worn end of the shoe by using 
dowel pins or flush headed screws. This spreads the brake shoes 
out slightly, the amount of spreading, of course, dei)ending upon 
the thickness of the applied pieces and makes it possible to bring 
Ihe shoes into positive engagement with the brake drums with but 
small movement of the expanding cams. If the brake shoes them- 
selves are w’orn and it is not easy to s(‘ciire new ones, the surfaces 
may be restored to efficiency by the application of thin sheet brass 
or steel, which matiunal is firmly held in place by I'ivets and which 
has the effect of restoring the worn segment or shoe to its original 
contour. When pieces are applied to the brake shoes care should 
be taken in refitting Die wheels that the shoes do not bind against 
the drum when the brake leverage is released. Any high spots 
existing must be smoothed off with a file in order not to heat up the 
brake drum through useless friction when the car is in operation. 

A typical brake assembly is shown at Pig. 409, D. This is used 
on some models of the Cadillac car and consists of an internal ex- 
panding band and an external constricting one. Adjustment of 
the service brakes is made by turning the screw S which is on the 
back of the brake carrier until the part of the band opposite it, ia 
brought as close as possible to the brake drum without touching it. 
Next adjust the nuts T on the eye bolt until the lower half of the 
band lining just clears the drum. The nut V on the upper end 
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of the eye bolt is so adjusted as to bring the lever W to the posi- 
tion shown in drawing when the brake is applied. With the brake 
released the elearance between the lining and the drum should not 
be over ^o-hJ^eh, and if more elearance exists it may be reduced by 
the set screw X in the rocker lever Z. 



Fig. 409. — Hints on Adjusting Internal and External Brakes. 


The internal brake is constructed to be adjusted for clearance 
between the internal band and the drum without removing the 
wl^els. Jack up the axle so the wheel will clear the ground to 
permit revolving it by hand. A cover A will be found on the 
brake drum which can be removed by unscrewing the lock nut B 
and turning the bolt to the left about a quarter turn until the 
clamping bar D is released. Next rotate the wheet until the open- 
ing registers with the adjusting screw E carried at the back part 
of the brake band or at the point opposite the expanding toggle 





meclianism. Turn the screw E until the part of the brake lining 
opposite it is brought as close to tlie inner surface of the brake 
.drum as possible without toucliing it. Turn the wheel until access 
is obtained to the six locking screw's N and loosen these. This is 
(lone bv bringing the opening in the brake drum opposite each screw 
in turn and turning these with a suitable socket wTcneh. Then 
(urn the two adjusting 
s(‘rews F F which have 
right hand tJireads on 
(me end and l(;ft on 
(he (Hher until the cen- 
ter op th(^ |)in G stands 
about tliree-cpiarters of 
an inch back of an im- 
aginary vortical line 
drawn through tlie ctoi- 
ters of the two pins 
TI II when tlui hrakc^ 
is applied. AVith the 
lu’ake released adjust 
tlio screw I in the lever 
d and the sto]) screws 
K K until th(‘ lower 
and upper iiarts of the 
brake band lining clear 
tJio drum by about 
^/{2-inch. The three 
coil springs M should 
have sufficient tension 
to hold the brake band 
sideways and against 
the slop screws K K so 
it will not rattle. It 
is important that the 
screws M be locked 
after completing the work, also that the cover in the opening of the 
brake drum be replaced and fastened securely. 



rig. 110. — Simple Fixture to Facilitate Blvet- 
Ing Brake Lining to Steel Brake Bands. 




OIU 


^ummotnie nepainng maae tiasy 


If the brake lining is worn it should be removed by chippii^ 
off the rivets and driving them out of the hole in the brake band. 
A piece of new lining is cut to the proper length and holes are 
drilled through it to coincide with those in the brake bands. The 
best method is to drill only two holes at a time and fit the lining 
carefully to one end of the brake band, then drilling in the next 
two rivet holes and after the lining is securely fastened in place to 
go on to'the next rivets. It is important to use copper rivets hav- 
ing reasonably large heads that will not pull through the material 
and to countersink the material enough so the rivet heads will be 
firmly embedded below, the surface so as not to come in contact 
with the brake drums. Some cases of slipping brakes have been 
traced to projecting rivet heads which did not permit the friction 
lining to come into contact with the brake drums. 

A simple fitting which can be placed in an ordinary bench vise 
for riveting against is clearly shown at Fig. 409, B. This is an 
ordinary steel drift having a flat point of the same size as the rivet 
head. The fitting shown at Pig. 410, A, may be placed in a common 
vise or may be formed to fit the pritchell hole in an anvil. This 
piece may be made of mild steel though the punch H which is the 
same size as the rivet head can be made of tool steel. The body of 
the tool is flattened out on the under side where it rests on the an- 
vil or bench vise top and is left oval on the top. A ^-inch hole is 
drilled in the top and tool steel punches of the form shown at H 
may be driven in place, some arrangement being made by which 
the punch may be driven out and replaced by a new one if it be- 
comes broken or by one of smaller size if different rivets are used. 
A hammer and an ordinary rivet set are used to set the rivets as 
shown in the lower portion of the illustration. Copper rivets are 
easily headed up and neat heads may be formed without trouble. 
Never use iron or steel rivets for holding brake linings in place as 
projecting heads may wear grooves in the brake drums. The only 
remedy for grooved brake drums or members that have worn thin 
is replacement with new ones. 
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The repairing of automobile tires is work that is usually left 
*to the specialist wlmreas it can be very i)rofitably done by the aver- 
age garage man if the necessary equipment is installed. The tools^ 
supplies and apparatus needed are not expensive and the skill re- 
quired is much less than that needed to do the mechanical 'work 
incidental to the repair of the engine and other vehicle parts. Be- 
fore considering the subject of tire repairing it may be well to re- 
view briefly the various forms of wheels and tire retaining rims on 
which the tires are mounted. The tire repair processes will be con- 
sidered from the i>oint of view of those who dcsir*' to make only 
temporary repairs or take care of roadside accidents as well as in- 
cluding the more complete instructions necessary for making per- 
manent repairs by vulcanizing processes. The equipment illus- 
trated for doing the work is typical and has proven satisfactory in 
practical use. 

Wooden Wheel Construction. — The most popular form of 
wheel to have received general application on all classes of auto- 
mobiles is the wooden spoke member of the same type as used on 
gun carriages and for that reason termed the artillery wheel. Vari- 
ous steps in making the parts of the wheel and also the processes of 
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Tig. 411. — Showing Steps in the Construction of a Wooden Automobile 

Wheel. 


wheel assembly are shown at Fig. 411. The spokes are turned from 
a tillet as shown at A at the top of the illustration, the successive 
operation being shown at B in which the spoke has been turned 
approximately to size on a special turning lathe. The operation is 
called club turning because of the shape of the stock after it leaves 
the machine. The way the elliptical section is obtained is by having 
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movpblo centers and a cam motion to move Ihe latho heads in and 
out with respect to tlic cutters so as to get the section desired. The 
next operation is mitering down the big end as shown at C and then 
passing it over a planer to have the wedged shape end of uniform 
thickness, as outlined at D. The next step is to turn the tenon at 
the upper cjid which fits into the wheel felloe. 

Tlie felloes arc made by bending special pieces of stock (Vhich 
has been steamed) by a form of clamp and introducing a spacer 
rbetween the two ends in order to secure the desired curvature. ‘ The 
hent blanks arc koi)t in the form sliown at B for a period of time 
and placed in drying kilns. After removal from the kiln they are 
held by a strip S for a time after wliieb the strip is knocked off 
and the felloes sawed to the proper form. The pieces D arc planed 
on both sides ajul also finished on the curved surfaces fti order to 
smooth them, followed by an operation to drill for the spokes with 
a sp(»cial machine. The next step is to smooth the felloe member 
carefully on the inside, then to sand paper off the sharp corners 
^between the spoke holes. The felloe strips arc then taken to a 
special machine w'hich cuts the ends with proper relation to the 
spoke holes so the wheel may bo assembled. The last operation is- 
spot facing which is a form of counter boring on the inside of the 
felloe Avliere the end of the spoke comes in contact with it. 

The first stage in assembling the wheel is shown at A in the 
lower portion of the illustration. Here the spokes are driven into 
the felloe and when the two halves of the wheel are available they 
are placed in a special machine wliich clamps the spokes and tho 
felloe band tightly together. While the wheel is in this machine 
a dummy hub is put in place and tightly clamped as shown at C. 
The function of this is to keep the wheel together during the as- 
sembly process. Wlien the wheels have been clamped they arcs 
taken to an operator who cuts the joints in Order to provide for 
the shrinking of the steel rim. Tlie clamped wlieel is taken over 
to a special table where the rims are i)laced on them. The rims of 
’ steel are heated by a series of gas flames which play upon all por- 
tions of a steel rim or band until this has becui expanded enough so 
the wheel can be readily inserted. The rim is dropped over one of 
the nririmmcd wheels as shown at C and placed under a heavy press 
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which forces, the steel rim to its proper position on the woodeiT 
felloe. After the rim has been shrunk on, the false hub maV be 
removed as the rim keeps the wheels together. The center is then 
bored out and a finishing cut taken on both sides of the spokes at 
the hub. The wlieel is then carried to a drill press of the multiple ^ 
spindle type which makes all of the holes for the brake drum or 
hub flanges. The final assembly process is to put the hub flanges 
in place and bolt them up. 

A wooden wdieel is not subject to damage or depreciation froin 
use unless the ear has skidded into a curb or hit some obstacle that 
will tend to kno(?k the wlund out of true or break some of tlic spokes. 
As a rule, broken spokes can only be inserted by a wdieehvright or 
one familiar with the manufacture of wheels. In east‘s where only 
one or t^vo spokes are broken it is possible to insert new ones by un- 
bolting the hub flanges and drilling out the broken end of the 
tenon pin tliat remains in the felloe. The new spokes, wliich may 
be made by hand in an emergency, are easily inserted in place of 
the damaged ones and tlie whe(?l assemifly agaiii clampcMi together 
between the hub flanges. In some cases, after a car has been usofi 
for a time, especially in dry sections of the country, considerable 
slack or looseness may exist betw^een the hub flanges and si)okes and 
also betw'een the spokes themselves. No trouble will be experienced 
from tliis source if a car is washed frequently because the water 
will prevent the spokes from shrinking away from the hub flangesA 
Even if the looseness is noticeable, which is a fertile source of 
aqueaking noises coming from the wheels while they are in service, 
in many cases the spokes may be swollen enough by soaking the 
wheel well with water to correct the trouble. 

A simple method of overcoming this difficulty when the soaking 
treatment does not correct the fault is shown at Fig. 412. If the 
work is carefully done a badly racked wheel may be made capable 
df giving considerably more service. The hub is shown in the sketch 
with the flange removed to expose the mortised ends of the. spokes 
to view. This may be easily accomplished by removing the nutsU 
from tlie bolts and prying the hub flange away from the wheel. 
The lost motion between the spokes can be taken up by driving thin 
wedges of sheet steel into the open spaces though in some cases 
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when the spokes are very loose hard wood wedges may be driven 
in. Tn making the wedges they should be shaped straight with a 
short taper at the end to facilitate driving them in place. It is 
said that if made with a taper their full length that they will have 
a tendency to work out. Before driving the wedges in place they 
should be covered with a coating of glue and after all the wedges 
necessary have been inserted the j protruding edges can lie cut oflE 
with a chisel and the ends smoothed down flush with the spokes. 
Before replacing the 
hub flange the center 
of the wheel should be 

a 

covered with a coat 
of priming paint. Ob- 
viously, the wedges 
should be as wide as 
the thickness of the 
spokes and only suffi- 
ciently thick to take up 
the space existing be- 
tween the spokes. If a 
wheel is not very loose, 
wedges 3, 2, 3, 4, 5, and 
6 are driven into place, 
though in very loose 
wheels another set of 
w^edges numbered 7, 8, 

9, 10, 11 and 12 should 
be used to fill the re- 
maining space. It will 



rig. 412. — Method of Using Wedges to Take 
Looseness Between Spokes of Wooden Wheels. 


be apparent that the bolt holes must be cleared out with a drill after 
the wedges have been driven in. The final operation is to replace 
the hub flange and bolt it tightly in position. It will be found ad- 
visable to burr over the projecting ends of the holt after the nuts 
are screwed down tightly in order to prevent the nuts from back- 
ing off. The wheels of some cars are held together by rivets in- 
stead of bolts. As the heads of the rivets must be sheared off with a 
cold chisel to permit removal of the flange, new rivets must be in- 
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sertcd by a process of liot riveting when the wheel is again as- 
sembled, taking care to use a rivet set in order to make a proi)erly 
shai)ed head. 

Honk Wire Wheel. — IMany recent models of automobiles will bo 
found equi|)j)cd wilh wire wheels of some form or other. Improve- 
ments have been made in the method of hieing wire wheels so that 
the forms usi;d for automobiles are very strong. Tliis is due to a 
method know'ii as triple spoke lacing as this provides a combination 
that permits tlie wheel to supjiort radial, torsional, side thrust, and 
shock stresses in a much superior manner to the old double spoke 
lacing formerly used on liglit automobiles and^w'idely applied on 
bicycles and motorcycles. Traetically the only trouble that can oc- 
cur in a wdre wheel is breakage of the spokes and as most wire 
wheels are of readily detachable form it is only necessary to re- 
move the defective members and replace tliem with new spokes, 
care being taken not to tigliten the spoke nipple unduly and thus 
pull the rim out of true. The rims of the wire wheels used on auto- 
mobiles are for the most part very strong and arc not so likely to 
be pulled out of true as the lighter rims of bicycles or motor- 
cycles are. 

If a. large number of spokes are broken as might result from a 
collision or other accident it will be advisable after replacing the 
spokes to true up the rim. This is done by revolving the wdieel 
and holding a piece of chalk or crayon nearly against the w'hecl rim 
to indicate the high points w Jicre the w^licels run out. These points 
may be eliminated by screwing in on sonic of the spokes and loosen- 
ing on others until the wheel runs true. This requires some de- 
gree of skill but, can be easily accomplished after a little practice. 
The spokes are usually of high tensile strength steel wire having a 
button head at the low-or eml wliere they fasten to the hub and a 
threaded upper end wliieh screws into the nipple which draws the 
spoke taut and which fits in a countersunk hole in the steel w'heel 
rim. 

A typical triple spoke wheel of Ilouk manufacture is shown at 
Pig. 413, A, wiiile the method by which it is fastened to the master 
hub is clearly sJiown at Fig. 413, B. Most wire wheels are made 
so as to be easily detacliable from a master hub which is not re- 
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moved from the wheel spindle or axle and which supported by 
the bearings or axle shafts. The wire wheel is built up with an 
auxiliary pressed steel hub as a basis wliich is provided with a 
scries of holes to fit over driving pins attached to the flange of the 
master hub and whieli is fornicd on the inside with two tapered 
seats, the angle of the tapers being oxiposed to each other. One of 
the male tapers forms part of the master hub wliicli is slwwn at 
B in place on the front wheel spindle while lh(j other male taper is 



Fig. 413. — The Houk Detachable Wire Wheel. 


on the locking nut. When the lock nut is screwed onto the 
threaded end of the master hub, which is sometimes termed the 
inner or fixed hub, it forces th«^ female taper on the inside of the 
pressed steel wheel hub against the male taper on the master hub. 
The torsional force is applied to the wheel through silbstantial driv- 
ing pins which engage vdth registering holes in the hub flanges. 

These drive pins as wVll as the hub are treated with a special 
rust-proofing process and the pins arc nickel plated, rendering cor- 
rosion or sticking of the parts difficult. If the wheels have been 
kept on for a time and have not been disturbed it is likely that 



824 Automobile Repairing Made Easy 

some trouble may be experienced due to rusting of the pins as even 
the nickel plating will not protect these at all times. The rust may 
be easily cleaned off when the wheel is removed and a repetition 
of the trouble avoided by greasing the pins liberally before the 
wheel is again replaced on the master hub. The construction of the 
automatic locking nut which is* a f<'atiire of the TIouk wheel is 
clearly sliowfi at Fig. 414. The hub at A is a rear hub attached to 
a semi-floating drive axle while that at B shows the conventional 



Tig, 414. — ^Showing the Automatic Locking Nut Employed on the 
Houk Wire Wheel. 


arrangement for a front wheel or the hub of a full floating rear 
axle. These nuts are threaded for a loose running fit on the thread 
and have their conical end slotted into segments which allows a 
slight compression when forced into the conical seat of the hub 
shell. By viitue of the fact that the nuts are threaded loosely on 
the master hubs there is a difference in the circumferential length 
of the thread. If the nut is not drawm up tightly through neglect, 
the wheel supporting the ’weigUt of the car w'ould bear upon the 
nut and as the wheel and hub turn when the car moves forward 
*lie nut must turn by a sort of epicyclic action wdiich will cause the 
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threads to wedge together under the pressure of , the load and after \ 
the manner of a cone clutch prevent slippage between the threads. ] 
Tliis forces the nut to lag behind the angular travel of the hub ' 
l)arts and consequently to screw itself tighter on the threads when j 
they are properly positioned on the car. On the right hand side of | 
the car the hubs must be provided with left hand threads while on i 
the left liand side the hubs have right hand threads. When the | 
nuts are once in place there can be no creeping action, as they j 
clamp tightly down on the main thread owing to the slight com- | 
pression of. the segments in the conical end of the hub. i 

Dunlop Wheel. — The Dunlop wheels which are shown at Fig. j 
415, liave attained groat popularity in Europe and are now being j 
used to some extent in this country. This wheel is very quick in j 
operation and is locked in place posit i\ely as soon as installed. | 
The inner hubs are made of bar stock for the front wheels and drop | 
forgings for the rear, no eastings being employed. As is true of ! 
all wire wheels, the hub is composed of two i^ieces, one, which is a j 
master hub intended to remain in i)ormanent assembly with the ; 
supporting bearings while the outer or removable hub to w'hieh the | 
spokes are fastened is readily detachable. The outer hub is pre- ' 
vented from turning on the inner one by serrations or teeth which 
are located near the conical surfaces at the inner end of the hub. : 
These teeth are external on the inner hub and internal on the outer 
and are formed to fit between each otlier. The engaging portions ; 
of the teeth are rounded off to enable them to slip easily in mesh, i 
A second conical surface at the outer end of the outside hub rests . 
on the hub cap, which is locked in place in t) e outer portion so 
that it cannot drop out when that part is removed from the inner ' 
hub, but at the same time it is free to turn in order to screw on the 
inner portion. As the locking of the hub cap from unscrewing 
determines the safety of the wheel from coming off this is an ad- 
vantageous point. ’ 

A cup shaped member is placed inside of the outer end of the in- 
side hub, this is kept from turning in the hub by serrations similar 
to those between the two portions of the hub, but is free to slide in 
and out within certain limits and is normally pressed outward by 
a coil spring. At the outer end are more serrationi^ formed to fit 
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Tig. 415. — Sectional View Showing Construction of the Punlop Quick Detachable Wire Wheel. 
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in corresponding parts in the hub cap. This lock is held out of 
engagement while the wliccl is being attached of detached by an 
attacliment to the wrench. Immediately upon the removal of the 
wrench it is pressed in contact with tiie hub cap and if not al- 
ready in position to engage it will come in to the locking position 
if the huh cap turns one-sixth of a turn. A special Avrench or 
spanner is needed for handling the Dunlop whecds. This is of 
ordinary box wrench form exc(‘i)t that it has t)awls or latches which 
engage in a groove at the onter end of the Imb caps to hold the 
wrench in place and a bridge across tlie middle wMiich carries a 
cpiick acting screw' to dc]>r(*ss tlie locking dt^vice on the inner hub. 
]n mnoving the wheel the wjvnch is snapped in place on the hub 
cap and the central screw tui-ncd down io release the locking piece, 
Avhicli permits the hub cap to l)e turned otf easily. In attaching, 
this screw should be turned down also in order to prevent the lock 
from taking hold l)eforc the cap is fully screw(*d home. After the 
locking cap is forc(‘d in ]>laee the lock should be released before re- 
moving the WTciicli and the nut turned till the lock engages so as 
to prevent even the slight looseness that would result if the lock 
slipped back into the next notch. The lacing of the spokes is in 
three planes like tin*, spokes of the Rudge-Whitworth wheels wdiieh 
arc made under the same patent. Tlie sectional view’ through 
the end of a rear axle fitted witli Dunlop wh’e Avlieels is shown at 
Fig. 415, A. As will he evident, tlie master or inner hub is carried 
by a combination double and single row bearing mounting, the. 
double row form being clamped to take the end thrust on the 
wdieel. The axle is a floating type, the bearings being mounted on 
the tubular housing of the live or driving axle. A similar con- 
struction is used for the front wheel Avhich is shown at P'ig, 415, C. 
The method of lacing is outlined at B. 

Sudge-Whitworth Wire Wheel. — The construction of the 
Rudge-Whitworth wire wheel, Avhich is a very popular form, is 
shown at Fig. 416, A, while an enlarged sectional view of the wheel 
hub. construction is showm at B. These are triple spoke wheels con- 
sisting of a removable outer hub and a master hub mounted on ball 
bearings. In the illustration the permanent hub A revolves upon 
the plainly indicated ball bearings while B is the wheel hub. The 
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driving teeth or serrations are indicated at C. These are nsnally 
about ten in number to each circumferential inch. The wheel nut 
D is circular in form and has notches cut from its circumference 
to engage with projections from a special spanner when it becomes 
necessary to revolve it. 

This nut has a locking ring L on its inner end and an angled 
groove N between the nut and locking ring. When the nut is re- 



Fig. 416. — Sectional View, Showing Construction of Budge-Wbltwocth 
. Wire Wheel, 


volved to the right it drives the wheel up into the permanent hub 
while revolution to the left withdraws it. A large screw plug E is 
provided, for lubricating the bearings of the wheel. The locking 
device ofithe Rudgc- Whitworth is said to be "meddle proof.” It 
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^ will be seen that there is a steel cap M fixed on the outer end of 
the wheel hub and that this lias a female ratchet G &ut in the ends. 
This ratchet has to engage a pawl mounted on a small bolt well 
secured to the wheel nut. The pawl is kept in engagement by a 
spring. These parts form the automatic part of the lock. A 
spanner is employed to move the wheel which has an opening to 
suit the wheel nut but it cannot be placed thereon until % small 
lever which forms part of a lock is swung around so the pawl 
it carries engages in a depression, in which case the spanner can 
be easily put in position. The nut may be revolved freely until 
the wheel is detached. In tighfeiiing the wheel into position the 
spanner must be turned until the wheel is completely In place and 
then if the word “safe” is not exposed in the opening, a few strokes 
with a mallet on the end of the wrench will insure absolutely cor- 
rect seating. The direction of spanner rotation should not be re- 
versed when the Avhecl is being attached as this disengages the 
locking pawls. 

Solid Tire Forma. — Practically all commercial vehicles of over 
1500 lbs. capacity are ecpiipped with solid rubber tires. A number 
of electric vehicles, even some forms designed for pleasure pur- 
poses are fitted with cushion tires. A number of representative 
forms are shown at Fig. 417. Solid tires may be of the permanent- 
ly assembled or quick detachable types depending upon the pref- 
erence of the truck user. The driving wheels of motor trucks are 
sometimes fitted with ddal tires in ord(T to secure greater carrying* 
capacity without using excessively wide and expensive tread mem- 
bers. The basis of most solid tires is a ring of steel which has pro- 
jecting portions to which a base of hard rubber is vulcanized. This 
base of hard rubber makes for secure attachment of the tire which 
is composed of an especially tough rubber compound. In the per- 
manently assembled forms of tires, the metal base member is ma- 
chined so that it can only be installed on 'the wheel rim by pres- 
sure from a hydraulic press. This means that tires can only be 
installed at stations where the press facilities are available. The 
f6rm of tire shown at B has many advocates because it can be' 
easily installed without expensive tools. In this form the metal 
base member integral with the tire has beveled edges which rest on 
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(.‘orrospniulinfifly bovolocl flango monihers drawn tiglilly in place by 
l)olts Avliich pa-"s through the w'hoel felloe and which hold the re- 
taining flanges firmly in place. This method of construction is a 
popular one when twin tires are employed as shown at B and F. 

Tlie cushion tires are usually designed to provide ujore resili- 
ency than is available wilh the solid tires. The iiKSual motliod of 
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Fig. 417.-«-Defining Construction of Solid and Cushion Tires and Methods 
of Retention to the Wheel Rim. 

obtaining this elasticity is to form the tread in some shape that 
will deflect or distort appreciably under load. The cushion tire 
shown at C has the tread portion supported by ribs which may 
give to some extent when the tire passes over a stone or other small 
obstruction* that the solid tire will ride over. In the cushion tire 
shown at D, resiliency is obtained by making a large number of 
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liolcs in the tire. Repairs to solid tires can best be made at the 
factory where they are produced and these are selflom necessary 
unless the tire has been cut by accident. As a rule when a solid 
tii'f! wears clown the only practical remedy is to replace it, as it is 
not susceptible to retarding as the pneumatic tires are. 

Modern Tires Are Well Made. — There is an iiTij)ressioii obtain- 
ing wdth motorists, and even with many engaged in the industry, 
that tire expense is an element in automobile maintenance depend- 
ing more upon good fortune than any care of the tire manufacturers 
in producing good tires, or in the motorists using reasonable judg- 
ment and care in driving, and tftldng precautions that the shoes 
will ree(‘ive the saiue attention given other com})onent.s in the vehi- 
cle. The average person, whether lrnd(‘sman or layman, seldom 
considers the cnorrruais str(\ss(*s to which tires avo subjected on even 
the lightest of riinahoiits and motorcycles, and as a general rule 
after shoes an* fitted to the rims, th(‘y are fj)rgotten until abuse 
or carckss driving causes sudden end to their usefuljiess. Natural 
wear may make rei)laccment necessary and wliile tlio American 
"^manufacturers of tires are producing types that are enduring and 
practical, with even the best of care the tire must eventually wear 
out. Some standard tires may be better lhan others, but all are good 
and will give satisfactory service if i)roperly used. The fact that 
the efficient motor car of to-day w(juld not be possible or practical 
, without the resilient support and increased tractive effort given by 
the pneumatic tire is not often considered, and tires arc regarded 
as a necessary evil, though they are really one of the most essen- 
tial and hardest wwked components of the motor vehicle. 

It is not intended to go into the details of tire manufacture, 
►or to compare one form with another, as the actual methods of 
construction are of little concern to automobilists and those in the 
trade; and instead of a review of the technics of tire manufacture, 
the writer desires to give some practical information relative to 
the processes of repairing tires found to be satisfactory in appli- 
cation, based on experience gained in both factory and shop. Such 
detail is seldom published and many motorists and repairmen as- 
sume that automobile tire repairing is a mysterious occupation that 
is beyond their comprehension. Not only among automobilists, but 
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throughout the greater portion of the trade as well there is no verjP 
clear conception of the processes or the careful manipulation 
necessary to repair tires successfully. 

Construction of Tires. — While much advice has been given rela- 
tive to the care of tires it will be well to speak of some causes of 
deterioration, and for the better knowledge of the uninformed 
reader the conventional methods of tire making and the qualities 
of the materials used are outlined. Tlic principal malerifils in 
vehicle tires are rubber compounds and textile fabrics, and every 
factory has its own peculiar processes of combining these to form 
the finished tire. Practically all tire manufacturers procure the 
fabric from firms making a specialty of textile products, but gen- 
erally any concern manufacturing rubber goods prefers to use those 
special compounds which experience has shown are best adapted 
for the appliances they manufacture. Tlie ])asis of all tires is 
undeniably fabric and crude rubber, both of wdiich are of vege- 
table derivation, the best fabric being of Sea Island cotton, wliile 
the caoutchouc, or India rubber, is the product of a great variety 
of trees, vines and shrubs, most of wliich grow in the torrid zone." 

The substance which gives the modern tire its strength is the 
fabric foi’ming a bjisis for attachment of the rubber, and while 
many materials have been tried, among them silk, wool and linen, 
cotton alone combines most of the reciuirtd qualities. Before in- 
corporation in tires this fabric is thoroughly dried and' impreg-. , 
nated with rubber. Nearly all tires are formed or built on cores 
and are composed of layers of fabric and rubber. 

At Fig. 422, A, a» sectional view of a ‘^bolted-ou tire” is shown 
which will serve to illustrate the manner in which a tire is built 
of layers of materials. The outer layer is specially tough rubber, 
known as the tread, of such composition it is strong and specially 
adapted to resist abrasion, firmly attached to two layers of fabric, 
known as breaker strips, which rest on another. layer of softer and 
more resilient rubber than that of which the tread is composed, 
termed the cushion or padding. The main body of the tire consists 
of layers of the frictioned or rubber impregnated fabric, the num- 
ber of plies varying with the size of the shoe. In the base of the 
tire are incorporated hard rubber and fabric fillers to make the 
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structure of maximum strength. These successive layers are then 
put into intimate relation by vulcanization. • 

Cause of Deterioration. — It is evident the pneumatic tire is a | 
combination of materials that in themselves are not. specially en- 
during, and it is not reasonable for one to expect lengthy service 
from a tire. In considering the causes of deterioration we will 
assume the tire is a standard product of a reputable maker whose 
processes of manufacture eliminate defects which might result from 
poor material or workmanship. If the shoe is poorly made it will 
heat and the layers of fabric and rubber wMll separate, or the side 
w'alls wdll crack; if the w’all is too thin or of insufficient strength it 
will blow out, tear or cut, and at the other hand if there be too 
much fabric used and the walls are too thick, the flexibility is re- 
duced, the difficulty of bending under load is increased, the side 
walls are forced to assiiiiie sharp angles and the fabrics will be 
ruptured. If the tire be not properly vulcanized, the layers will 
loosen from each other* and if the rubber compound is not right 
deterioration will b() rapid. If the tire is cured too long its life 
will be short, because the process has changed the chemical com- 
position and physical characteristics of the materials employed. It 
w'ill be evident that if one regards only the product of experienced 
makers that faults due to poor construction and material cannot 
be logically considered. 

Perhaps the most common cause of tire deterioration is abuse 
by the user, and on the other hand tliere are unavoidable causes, 
such as punctures or hard service. Overloading and insufficient 
inflation are the two most common causes of poor tire service, and 
it is seldom that the motorist observes the most simple requirements 
that will insure satisfactory tire life. Each size of tire is designed 
by its makers to carry a certain weight which should never be ex- 
ceeded, and if the weight 'schedule is followed in designing or equip- 
ping a car, good results may always be expected from tires, pro- 
vided they are not otherwise abused. If the shoes are overloaded 
reasonable service cannot be expected, as no tire, no matter how 
well made, can continually resist the internal pressure necessary 
to keep it inflated enough to support the load when of insufficient 
capacity. 
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The most important advice given the purchaser of tires is to 
keep them properly inflated, and its value cannot be overestimated. 
More tires become useless from use with too little air pressure than 
all other causes combined, and while most drivers assume they have 
sufficient air in the tires they use it is a fact they liabitually use 
tires that are not properly filled. The tire should contain air 
enough so that it shows but little change in form when the car is 
standing on a hard surface under full load, and even under these 
conditions it .will be found that the tire is compressed considerably 
when the car is in action. 

The Cord Tire. — A method of tire construction tliat is beconi- 
ing popular because of its easy riding qualities is a difficult form 
to repair and is shown at Fig. 420. Instead of layers of fabric the 
main portion of the carcass, or casing, is composed of cores wdiich 
are passed around small wires at the base of tlie tire and which are 
wound very lightly in order to secure intimate contact between the 
various layers of cord. Sheet ru))ber is placed between the cord 
layeBs and fabric breaker strips are placed between the tread and 
the cord body in the usual manner. When the tire is vulcanized 
the spaces between the layers of cord become filled with the rub- 
ber, and the whole mass is firmly bound together. The wdres pro- 
ject into tlie bead portion of the tire and are vulcanized firmly in 
place. Owing to the construction a cord tire cannot be as easily 
repaired as the fabric type because it requires a very expert knowl- 
edge of cord tire construction to replace injured portions due to a 
blowout. As. w^e shall see, the fabric tire may be restored to effi- 
ciency by cutting out layers of the defective fabric and vulcanizing 
new layers in their place. This is not a difficult operation, whereas 
replacing the defective cords calls for a degree of skill not usually 
possessed by the tire repairman. 

Rims for Pneumatic Tires. — An expert has stated that there 
are at least forty different types of tire retaining rims that have 
received general application and that these require at least foiir- 
lecn different sections of wood wheel felloes. Besides the various 
well known and popular rims a number have been designed that 
are more or less complicated and which are said to possess various 
desirable features by their manufacturers. There are six repre- 




Fig. 418. — Standard Cliuclier Tire and Rim Dhiiensions. 

sentative groujis into Avliich the various rims manufactured to-day 
may be classified. These are: 1. One piece clincher. 2, Quick'de- 
tachable clincher. 3. Quick detachable straight side, 4. Quick de- 
tachable universal. 5. Demountable. 6. Demountable detachable. 
Tlie distinction between the two last classes is that there are a large 
number of deipounlablc rims which have to be taken off of the 
wheel before the tire can be removed. There are others that not 
only have the demountable feature but- from which the tire can be 
removed while the rim remains on the wdieel. 
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The one piece clincher rim with its principal dimensions for 
various tire sizes is shown at Fig. 418. This rim is made in one- 
piece and not out in any direction. It is adapted only for use with 
tires having soft extensible beads which can be pried or lifted over 
the edges of the rim. There is only one type of clincher rim on 
the market but at the present ti4ie its use is confined to small and 
medium ^weight cars as too mtfeh effort is needed to install large 
size tires on rims of this form. There are many types of quick de- 
tachable clincher rims which have been designed to make possible 
quick application of clincher tires which are w^ell thouglit of on 
account of the holding power of the tire beads. These rims are 
invariably composed of two or three parts, consisting first of a 
rim base with an integral inside clinch, or separate inside endless 
clincher ring and a separate outside clincher ring wdiieli is made 
so that it may open with some fastening device for holding the 
ends in place or it may be made endless w’ith an open lock ring to 
hold it in position. 

Examples of the most popular form of quick detachable clincher 
rim are shown at Fig. 419. The form shown at 1-B is a type which 
has a base, two endless clincher side rings and an open end lock 
ring which may be snapped out of its seat, and permit the re- 
moval of the outside clincher ring and then the tire if it contains 
no air pressure. Tlie rim shown at 2-B has the inside clinch in- 
tegral with the rim base, the outside clincher ring and the lock 
ring being similar in action to those of 1-B though different in 
design. The rims shown at 3-B and 4-B are similar to rim 2-B 
except that the outside clincher ring is open ended having a me- 
chanical lock for the ends of the ring. Rim 5-B has an open end 
outside clincher ring with an angle of the retaining groove in the 
rini base of such form that the inflation of the tire causes it to seat 
home? more firmly so that no locking device is necessary. 

Foigois of quick detachable straight side rims are shown in this 
same illustration, these being very similar in, construction to those 
previously described except that the retaining ringa are made to fit 
straight side'tires instead of clincher tires. The straight side tire, 
which was originated by Dunlop, has a bead devoid of any clinch- 
ing arrangement though the bead is not extensible as it has a num- 
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ber of pianQ wire rings firmly vulcanized in the bUse pdrtipn to 
prevent such extension. The retaining means in th& rim shown at 
1-A to 4-A inclusive are practically the same as those outlined from 
1-B to 5-B inclusive. A number of combination rims has been 



Fig. 410. — Sectional Views, Showing Construction of Quick Detachable j 
lUms that Have Received Practical Application. 

devised which can be adapted to take either straight side or tjuick 
detachable clincher by merely reversing the retaining rings which 
have a section adapted for retaining either the clincher bbad or the 
straight side form. Those are shown at Figs. 1-C to 3-0, inclusive. 

Examples of quick detachable demountable rims are shown at 
Fig. 421, A. As will be observed these are rims of the simpler 
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form having tapering flanges on the base by which they are held 
to the wheel felloe by suitable wedge rings or clamp nuts. De- 
mountable rims are shown at B. These are adapted to receive the 
standard clincher rings as showm in the upper portion of the il- 
lustration or the one piece straight side Dunlop rim as sliown in 
the lower part of the illustration. As will be apparent the rims 
are held in place by a series of wedges which are forced in the 
soacelDetween tlie tire carrying rim and that attached to the wheel 



Tig. 420.’7-Sectional View, Showing Arrangement of Cords that Replace 
the Fabric Carcass in the Palmer System Cord Tire Construction. 


felloe. A form of tire retaining rim that w^as formerly very pop- 
ular is shown at Fig. 422, A. This is known as the Fisk Bolted-On 
type and could only he used in connection with a tiro having a 
base of the form shown in the illustration. The tire was securely 
held to the steel rim by means of . retaining rings which were 
clamped firmly in place by bolts carrying specicnlly formed washers 
designed to clamp over the edge of the retaining ring as well as 
that of the rim. When it was desired to remove the rings the 
special tools shown at Fig. 422, B, w'ere needed. The special clamp- 
ing^ member was used to squeeze the rings closely together and per- 
mit screwing up the retention nuts with the special socket wrench 
'provided for the purpose. When the retaining bolts had been un- 
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screwed all the wey around the tire the rings could be withdrawn 
and the tire easily pulled off of the flat rim. WhA the tires were 
installed the clamping member came in handy to squeeze the rings 
and the portions of the tire base closely enough together so the 
nuts could be caught on the end of the bolts. 

The Goodrich quick detachable rim and the special tool needed 
for its manipulation are shown at C. The feature is in the shape of 
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Demountable Blms. 


the locking slot in the rim attached to the wheel friloe. The open 
end locking rim carries tongues which fit into the slot and which 
may be sprung into place to securely lock the rim. The tool shown 
is provided to facilitate bringing the end of the locking rings to- 
gether in order to spring the tongues into the locking grooves. The 
pins in the ends of the levers fit suitable pin holes in the locking 
member. 'When it is desired to remove the ring one of the tongues 
is pried out of its locking groove and then pulled away from the 
rim at all points. After the ring has been partially detached it is 
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4ilS<!tilt to ^remove the remaming tongue from the "tfStoe 
Sim. 'When replacing thi& locking ring, the first Itep is to csti^ 
the tongue on one end of .the ring under the wheel fcUoe rim 
inserting it in the notch nearest the edges of the rim. The riagf ig 
then forced in place all around and finally locked by bringing the 
remaining tongue in the groove nearest the center of the wheel and 
then springing that in place over the projecting portion the 
edge of tile rim. The method of installing a straight side tire when 
^ a rim of the form shown at Fig. 419, 1-A, is used is clearly shown at 
Fig. 422, D and E. The section at D shows the method of install* 
ing the spreader member at the base of the valve properly whHe 
the general application of the locking ring may be clearly ascer* 
tained at £. 

Tools for Tire Bepairs. — It is necessary in all cars using pneu- 
matic tires to carry a certain amount of equipment for hapdUug 
and repairing these on the road. A typical outfit is shown at Fig, 
423, this supplementing two spare outer casings, and two or more 
extra inner tubes for replacement purposes. Included in the re- 
f pair outfit are a blowout sleeve, a number of patches, and an acid- 
cure vulcanizing outfit for applying them. Tire irons are provided 
to remove the casing from the rim; the jack is used to raise the 
wheel of the veliicle on wliich the defective tire is installed from the 
ground and make it possible to remove the tire completely from 
tile wheel. The air pnmp is needed to inflate the repaired tube or 
the new member inserted to take its place. Talcum powder is ptO* 
vided to sprinkle between the casing and the tube to prevent chaf- 
ing or heating, while the spare valves and valve toe* will he found 
useful in event of damage to that important component of the in- 
« ner tube. As it is desirable to inflate the tires to a certain deilnite 
pressuVe, a small gauge which will show the amount of compceOsion 
in the tire is usefuL 

The outfit shown may be supplemented by otiior forms of vul- 
canizing sets and by special tire irons to mejee for easier removal 
of the outer casing. Tiro irons vary in design, and most dtakthi 
of tines provide levers for manipulating the casings, whieh differ 
to aomo extent. A sbt of tire irons such as would he needed with 
h 'cHnoher tire equipment could bo selected from the fmuns itiiqwh 
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Tools for Tire Repairs 




' at Fig. 423. That sho^n near the gaage is utilized to loosen the 
clincher bead fiiuna under the rim should it becoma rusted In place. 
After the shoe has been loosened from the rim flange^ levers of the 
form shown below it would be inserted under the bead in order 
to lift it over the rim. Two or more of these levers are necessary, 
the long ones being more easily operated than the short ones. The 
length of tho lever provided will depend entirely upon the size of 
the tire to be removed. Motorists, as a rule, should carr/ one of 
the releasing levers shown, two of the short members depicted and 
one longer lever. The latter may be a combination form which 
can be used as a jack handle as well as a tire iron, and then it ia 
not necessary to carry a jack handle in the equipment. The flat- 
tened ends are generally employed for prying the bead from the 
clincher nm, and when this has been done and sufficient space 
exists lieliveeti the bead and the rim to insert the curved end of the 
large levers, eonsiderable leverage is obtained and the bead may be 
lifted over the clincher nm without undue exertion. The object 
of rounding the comers, and of making the working portions as 
broad as possible is to reduce the liability of pinching the inner 
tube, which would be present if the irons had sharp edges. 

The tire repair material is sometimes carried in a special ease, 
as shown at top of Fig 423. this consisting of all parts necessary 
to make temporary repairs to be consitleied in proper sequence. 
This outfit is sometimes supplemented by other specidl tools. A 
knife is needed to cut the rubber, trim patches, etc. The stitcher 
and roller are useful in rolling the patch after it has been cemented 
to the tire to insure adhesion of the patch firmly against the dam- 
aged portion of the tube while the cement is drying. Some motor- 
ists carry a small flame heated vnlcanizer in order to effect more 
permanent repairs than would be possible with the simple patch- 
ing processes in which only the adhesive powers of dry cement are 
avaUable, 

Fbrtalda Air Oomprassur.-^Some Locomobile cars are equipped 
with a single (^linder air compressor, having a bore of 2^ inches, 
and a stroke of 2^ inches, which may be considered typical of such 
devices which are often indnded on recent models of leading cars. 
It is mottiiited on an extennon of the front end of the tranemiseion 
r 
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^couiiterrixaftj'and driven by means of jaw which can be- 

thrown in and out of 'Engagement by a T h{th<^«* located on the 
left side Of the car, and leached by opening a door in the running- 
board side shield. By drawing handle outward about of an 
inch, advancing one notch to the left in a serrated segment and re- 
leasing, jaw clutches are interlocked and pump is ready for use. 
Air is drawn into the cylinder through holes drilled aroun^ .same 
below radiating fins. Foreign matter is excluded by means of a 
removable screen. On the upper stroke of the piston the. air is 
forced out of the cylinder by unseating a flat valve into a small 
tank placed, at the right of the air compressor, and motmted in 
front of the transmission carrying cliannel. The purpose of this 
tank is to overcome the pulsation of the pump only and not to act . 
as a reservoir. 

By means of a two-waj" fitting air is drawn out of the tank 
through a delivery tube leading to a fitting which projects through 
the left side member of the frame adjacent to the T handle menr 
tioned above. One end of the tire hose is screwed on to this fitting 

' when tires are to he inflated. The location of the tw'o-way fitting 
on the tank is such that any sediment or oil falls to the bottom of 
the tank, and is not drawn out through the delivery tube. With 
the motor nuining at normal speed the air compressor will inflate 
a 37 X 5 inch tire to 90 pounds pressure in about two minutes. 
Every 2000 miles, or oftener if the compressor has bchn used fre- 
quently, the oil in the crank case sliould be replaced. The crank 
case is drained by removing a plug located on the bottom. To fill, 
remove both the large and small plugs on the left hand side, and 
pour oil through the larger hole until it overflows through- Ibe 
small hole. In case the oil which was removed seems especially 
dirty, flu the crank case with kerosene and drain before putting in 
new oil; This compressor is clearly shown in Fig. 425. 

, Tire Ma&ipiilation Hints. — In removing or replacing outer .cask 
tpg^- considerable care mu^ be exercised not to injure the ^oe or 
pineh iiie inner tube. The first step is to jack up the wheel from 
^ieh the defective tire is to be removed, thus relieving- the wh^. 
yf ther car weight. The valve inmde is then unscrewed iji order to 
itdkrw any air that may remaiu'in the ^be to e^ape, and then the 
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lock nuts on tlie valve stem are removed so that this member may 
be lifted to rel close the clincher beads from the rim channels. l£ 
the tire is stiff or has not been removed for some time, a special 
iron is utilized to loosen the edges and the beads are pushed clear 
of the clincher rim. 


i.- 



Pig. 426. — ^Defining Sluiipulatloii of CUneber Tires. 


'Wliun the casing has been loosened on one side, a flat tool, as 
i!)how|i at Fig. 426, is inserted under the loose bead to act as a pry 
or lever to work the edge of tho casing gradually oyer the rim. 
Very long levers arc neccssai'y to handle new stiff tires, and un- 
used casings' are particularly hard to move. The shorter irons may 
be employed on shoes which have been used for some time and 
which are more pliable than the new ones. Two of the leve^ are 
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generally used together, one being kept under tl^ loosened edge 
of the bead, while the other is used to force the bead over the edge of 
the rim. When the outside edge of the bead has been forced over 
the rim at all points the inner tube is lifted from the rini and is , 
pulled out of the shoe. The start at removing is made at the point 
diametrically opposite the valve stem. When this portion has been 
pulled clear of the rim and out of the easing it is not diflkult to 
pull the rest of the tube out and finally lift the valve stem out of 
the hole through which it passes in the wheel felloe, and take the 
inner tube entirely otf the wheel. If the casing demands attention, 
or if a new shoe is to be used, the inside bead is worked over the 
channel of the clincher rim in just the sanie mamier as was done 
M’ith the outside bead, and after a start has been made and a por- 
tion of the inside bead forced over the rim there will be no diffi- 
culty in slipping the entire shoe from the wheel. 

Applying a tire is just the reverse to removing one. The first 
operation is to place the inner bead of the tire in place in the center 
of the rim by forcing it over the outside flange. This is done grad- 
ually, and in order to force the remaining portion of the shoo it 
may be necessary to use long levers when the greater part of the 
easing has been applied. The nest step is to work the shoe grad- 
ually toward the inner channel of the rim, tlum to insert the air 
tube. The inner tube is reidaccd after it has been partially in- 
flated by putting the valve stem in first and then inserting the 
rest of the tube, being careful not to pinch it under tlio beads. 

After the inner tube has been ymt in place, the outer bead of 
the tire is worked over the edge of the rim chai ucl. Care must 
be exercised to insure tliat the inner tube will not be pinched by 
the sharp edges of the tire levers. The object of partially inflating 
the inner tube is to distend it so there may be no loose or flabby 
portions that are liable to catch under the tire bead when this is be- 
ing foTced in place over the wheel rim. The’ conventional method of 
inflating tires by using a foot pump does not always insure that 
they will receive adequate inflation, and when a pump is employed 
' it is imperative that some form of gauge be provided that will regisr 
ter the amount of pressure inside the tire in order t^t it will 
reach the figure recommended by the tire makers. Different me^- 
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ods of tire inflation iiave been devised whicii eliminate the neees* 
sity of using manually operated pumps. Obviously a simple ex- 
pedient would be to provide a small power-driven pump tliat could 
be actuated by any convenient raeclianieal connection with the en- 
gine or a ,S])ark plug pump. Another motlioil is to use an air bottle, 
which is a steel container in which air is stored under great pres- 
sure. t The air is eonii)r(*ssed to such a point tlifit a tank less than 
tw^o feet long and six inches in diameter will furnish sufficient air 
to inflate seven or eight large tires or twelve small ones. The tanks 
may be exchanged at small cost when exhausted for new containers 
holding a fr(‘sli supply of air. In some tanks, gases of various 
kinds under high i^ressurc arc used and tlio motorist may obtiiin 
these on the same basis as air bottles are supidied. 

All devices of this character are fitted with gauges to indicate 
the amount of pressure in the tire, and to prevent overinflation. 
If a tiix* is not properly inflated the shoe wdll be liable to various 
kinds of road damage and will be easilj’^ punctured, while if the 
pressure is too high the shoe is liable to “blow-out’^ at any weak 
point in the structure, A tire-pressure gauge is a vciy necessary 
article of equipment in any car and its proper use when blowing 
up tires will insure the best possible results if the schedule rccom- 
iTiendcd by the tire manufacturers is adhered to. Three inch tires 
should be inflated 1o 60 pounds, and three and one-half inch to 70 
pounds pressure. Tlie rule is approximately 20 pounds for every 
inch of tire width. 

Small Vulcanizers. — A number of portable vuleanizers designed, 
for the use of tlie motorist so that tires may be repaired without 
removing the casing from the wheels if surface culs are to be vul- 
canized is outlined at Fig. 427. These operate on three different 
I)rinciples, some depending on the heating effect of coils conveying 
an electric current, others upon steam produced by a small burner 
actjng upon the water contained in the casting while the simplest 
form utilizes dry heat produced by burning gasoline iii the vul- 
canizer. The form at A obtains its heating property from steam 
and is sliowm clamped in place to seal a cut in the casing. The 
form at B, is heated by electric current and is also shown clamped 
to an outer casing. The form at C derives its heat from the ^ame 
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Fig. 427, — 'Tievs Showing Small Portable VulcanizecB Suitable for. Eoad 

01 Shop Bepairs. 

of a small lamp buniing alcohol or gasoline which heats water con- 
tained in the body of the device. This has two faces, one flat for' 
use in vulcanizing patches and inner tabes as shown, while the 
o^er is curved to permit it to make repairs on outer casings. The 
fotm,at D is used .only fur inner tube work and the .nmthod«of 
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action may be reAiily understood by referring to the cross section 
at E. The heating portion consists of a simple casting having a 
number of projecting fingers which are heated by the flame of 
burning gasoline. A definite amount of fuel is poured into the 
heater and ignited and after this has burnt itself out enough beat 
will havg been imparted to the casting to produce satisfactory vul- 
canization of the repair material placed in the defective ptirtion of 
the inner tube- These small vulcanizers are intended primarily for 
the use of the motorist in making minor repairs and are not practi- 
cal tools for the tire repair shop, though they may be used to ad- 
vantage in small garages where no attempt is made to carry on 
tire repair work on a largo scale. Under these conditions they 
will prove imactieal in coping with the various emergency repairs 
such a garage may be called upon to perform. 

Shop Vulcanizing Eq^uipment. — ^Thcre is considerable difference 
between the vidcanizing equipment intended for the use of the 
average motorist or small repair shop and that intended for com- 
mercial work. Whereas th(> small vulcanizers arc usually intended 
for curing but one tube patch or casing patch at a time the large 
ones have provision for treating a number of tubes and casings at 
one heat simultaneously. Practically all of the commercial vul- 
canizers operate by steam. This is generated in a small boiler and 
is led to Uie various molds and plates for curing the inner tubes. 
A steam gauge is provided as the temperature of the steam may be - 
readily determined by its pressure and in some cases a safety or 
blow off valve is provided to prevent the generation of too much 
steam. 

A typical vulcanizing outfit having a capacity for curing three 
inner tubes and two casing sections is shown at Pig. 428. The 
tubes are cured on a flat plate which is at the top of the boiler 
while the steam for curing the casings is led to the hollow mold 
'carried by the table. A gas burner is provided to produfee the heat 
necessary for turning the water contained into the boiler to ataam* 
Valves are placed in the various steam lines.in order that the flow 
may be controlled. A group of vulcanizers of various patterns is 
shown at Pig. 429. The feature of the Shaler automatic plant 
shown at A is a machined surfsne 4 x Sff ihohess wdiich 'wili vtil- 



canize aix tubes as easily as one. It can be bested independently 
of the ca»ng attachment or used simultaneously with it. In the 
vulcanizing outfit shown at I]ig. 428, pressure^is applied to the 
patch by means of coil springs, whereas in the Shaler, the pressure 
to secure intimate adhesion is applied to the tubes by means of 
swivel clamps which produce a uniform pressure on every part of 



Fig. 428.-^Typical Sbop Vulcanizet. 

the patch. With this outfit the method of making blowout repairs 
is by curing from the inside with the inside casing mandrel and 
from the outside with the casing tread form simultaneously. Ih> 
stead of cutting away A quantity of rubber and fabric, a reen-. 
forcement of heavy fabric is built up inside of the casing and 
the holes through the rubber are filled with pure Para gum. The 
boiler is a' copper coil heated by a powerful gasoline burner which 
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raises steam to the vulcanizing pressure fropi cold water in fif- 
teen or twenty minutes, A thermostatically controlled damper 
maintains the prcssiire and temperature of the steani at the correct 
vulcanizing point aiitomatically. The “Kadium'" outfit ^\I^icli is 
shown at Fig. 429, B, is provided with two tube bioeks and two 
easing blocks, these coming from a globe fitting ca riled at the end 
of the steam pipe leading from the boiler. In tiie Miller garage 
viilcaiiizer which is shown at Fig. 420, (*, the casing mold iS com- 
bined with the small boiler while the tube plate which has provi- 
sion for vulcanizing four tubes at a time is mounted above the 
casing mold. Attention is directed to the accessories, these in- 
cluding the steam gauge at one end of the tube, plate, the safety 
pop valve at lh(j other and tlie watcT glass to indicate t!ie correct 
level of water at the front of llio comliincd boiler and easing mold. 

The outfit shown at Fig. 4.'10 is of Tlayw^ood design, and is 
known as the “Iloosier” jilant. It is not intended for retreading 
w^k but for sectional and inner tube repairs. It is a compactly 
built equipment witli a boiler containing two vertical fire flues 
t capped with a baffle plate to liuld the hejlt down. steam conduct- 
ing pipe leads from the boiler to the steam dome, this having four 
outlets which lead to the several molds. All molds are o£ a shape 
that is self-drained and coiuhuisation returns back through the 
steam supply pipe. It is said that this plant will cure all tyi>ra 
of casings ranging in size from to 5>4 inches, that it will cure a 
blowout up to 15 inches in length and will even cure a tire cut 
from T)ead to bead. The tube vulcanizing plate is of ample size 
and will cure three or four iniior tubes at one time. 

The various types of molds and the method o£ using them are 
, clearly shown at .Fig. 430, these being intended for use with the 
vulcanizing plant depicted at the left of the illustration. As will 
be apparent the mold proper consists of a. hollow^ casting shaped 
to conform to the tread of the tires it is to fit at tlie bottom and 
‘ having smoothly planed side walls to insure a correct fit of the bead 
.molds as the fit determijies the amount of heat eonduetion and the 
successful curbig of the entire injured section of the casing. The 
mold is shown at 1 while tlie arrangement of the mold head form 
and clamp is clearly outlined at 2, Bead molds are made in various 
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for Same, 
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lower portion of the illustration. This is practically a short sec- 
tion of heavy wall inner tube provided with ati vidating tube and 
valve in order that it may be blown tip when placed inside of the 
casing to press the sides of the casing firmly against the heated 
walls of the mold. The mold is heated by the steam ciretdating 
through the hollow interior while the bead molds are raised in 
temperature because they are in contact with the heated walls. 
The clamp serves to keep all parts in secure engagement aifii makes 



Fig. 431.— Some Useful AccessoileB for fbe Xlxo Repair Shop. 

fpr uniform heating as well as providing a degree of pressure whicli 
is very desirable in vnlcanising. 

In some cases the vulcanizing molds are placed on a large table 
and the steam is obtained from a boiler of larger capacity than 
those ordinarily supplied with the vulcanizers previously described. 
In a large shop where much tire repairing is done the small Vul- 
canizers will not have suflBeient capacity so a large number of molds 
and tube vulcanizing plates are arranged so they may be supplied 
vnth steam from a large separate boiler. This is coal fired for the 
niost part and as will be evident by referring' to Fig. 431, A, it fol- 
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lows the conventional design of the vertical Are tube boilers used 
in making 8teafh»for engines aiid hf-atitig purposes. There is a 
number of supplies that can be included in the shop’s equipment to 
facilitate the repair processes. Where much tire repairing is done 
the grinder and countershaft shown at Fig. 431, B, will be found 

valuable because of the 
ease with which worn 
rubber may be ground 
off of a casing and 
also because of the ad- 
vantage obtained by 
roughening the rubber 
and fabric with a wire 
scratch brush as shown 
at D in order to re- 
move all dirt, grease, 
etc., and make for posi-. 
tive adhesion of the ce- 
ment. The tire last 
show'n at C is intended 
to be attached to the 
work-bench by simple 
iron pipe supports for 
working on casings, as 
it provides a secure 
resting place when' 
stripping down layers 
of fabric in making 
sectional or other re- 
pairs. Some systematic 
method is nece.ssary to take care of the material in process of repair. 
A simple tiro rack for holding casings is shown at Fig. 432. This 
is very easily made, and obviously the design may be varied from, 
tbat shown to provide accommodations for inner tubes as well, as 
casings, the basis of the stand of rSck consists of standard iron 
pip^. attWhed to the Aoor and ceiling, the tii:^ being supported by , 
wooden strips attached to. brackets clamped to the iron, pipe. The 
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'1[>rackets are simple castings and may be moved up and down to 
aecommodate diflEerent size casings by relcasing-the ^^li^ping screws, " 
and they are easily locked in position at any desdred point oh the 
pipe by tightening the cladiping serewa 

Materials Employed in Tire Work. — The stocks and com- 
pounds commonly used in tire rciiair work are many and as is true 
of other forms of construction, none but the best should be em- 
ployed. Alany tire repairmen use cheaper grades of stock Vecanse 
the margin of profit is larger, but this is poor policy, and any one 
who wishes to establish a business will find that only the best se- . 
lected material should be employed. If this is bought from repiE- . 
table makers, at a fair price, there can he no question as to quality. 
Cover stocks are used for retreading and padding, and vary in 
composition and gauge from %4 to ^/32-inch tiiicknoss to meet dif- 
ferent requirements. Some retreading stock is in the form of 
thin sheeting, other forms, knowm as “camelbaek,” are calendered 
thick in the center so that it answers the same purpose as though 
several layers of the regular retreading .stock were used. “Inside 
patching" is a rubber stock cured on one side and uncured on the 
Otlier, made especially for repairing tire tubes. Frietioned fabric 
is a textile product of high grade long fiber cotton, impregnated 
with rubber composition, while rebuilding fabric is frietioned ma- 
terial having a skim coat of pure gum in addition. “Bareback" 
fabric is material frietioned on one side only, while breaker strips 
are narrow widths of. frietioned fabric in val’ions sizes, ready for 
application to tires without cutting, save for length. 

When afi inner tube is blowm out badly it- is necessary to cut 
it at that point and use what is called a tube splice, this being made 
' with a short piece of tubing with each end tapered that joins, the 
ends of the ruptured tube. Ocments vimy , widely but should al-. 

■ ways be similar in composition to the rubber, upon which they, are . 
to be used, as to make a good joint by the vulcanizing process ^e 
eemsnt should, contain the same percentage of sulphur. . This is 
auuther condition in which the experienced man scores, as if carh' 
w not taken in the selection of the cement, very unsatisfactory, fre- 
BUlts are obtained in, vulcanizing. Most rubber cements consist of ' 
, pure Fara rubber dissolved in naphtha or otlier solvent, to. which i* 
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added other substances, such as sliellac as thickeners, or various > 
specific driers to make the cement dry quicker. Where tenacity is 
specially desirable, other gums, such as mastic and gumlac, are 
used. So many excellent cements on the market have been tried 
and. tested that the repairman would be unwise attempting to com- 
pound his own, especially when these can be purchased as cheap, 
if not cheaper than the raw materials and made on the premises. 
The r<Jsnlts are more uniform with commercial cements. 

Many motorists cannot understand why tire repairing is a some- 
what costly process, hut it will be evident that great care is neces- 
sary at every stage, from preparing the tire and applying the 
fabric and rubber, to the final curing, and that a certain knowledge 
is necessary wdiieh can only be gained by experience. Then the 
materials employed are costly, the retreading stock costing about 
$1.50 a pound for a product of the best quality, wliilc frictioned 
fabric such as is used in rebuilding, costs about $2.50 the square 
yard. There is considerable hard work needed and experienced 
men command good salaries. Then the repairman must stand 
back of his work and often loses money in endeavoring to please . 
customers by making gratuitous repairs upon tire failures which 
were due to the motorist’s abuse, and not that the work is faulty. 
The pictures and drawings illustrating the subject are pertinent 
and will serve to make clear some of the processes and apparatus 
necessary in tire repairing. 

Proportioned Repair Stocks.— In buying repair material, a 
certain amount is to be invested, and this should be for a properly 
proportioned stock. To get too much of one thing and not enough 
of another is vexing and discouraging to the man making a start. 
It is to overcome this drawback that supply houses offer certain 
assortments, consisting of the right kinds and the right quality of 
■stock. The assortment mentioned below is merely suggestive. The 
price quoted on each kind of material aws the market price at the • 
time this hook was printed. Prices vary slightly from time to 
time, and a change, therefore results in the amount of each grade 
to be shipped. Tlte recommendation is made by the Haywood Tire 
and Equipment Company of Indianapolis, Ipd. 



* Proportioned Repair Stocks 

ASSORTMENT A— ^100.00 ‘ 
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30 Iba. AA tread stock . . 
*20 lbs. AD building; fabric 
10 Iba. AS single friction . 
5 Iba. !MC cushion stuck 

i> lbs. All brtaker 

3 lbs. MT tube stock . . . 
5 gala. SIjO cement .... 

20 lbs. soap-stone 

1 doz. No. 1 Valve bases 
1 doz. No. 2 Valve bases 

100 Air checks 

lOO Valve caps 

1 doz. 777 Valves 

14 doz. 725 Valves 

2 — 3" Tube sect ions. .... 

4 — Tube sections .... 

5 — 4" I'ubo sections .... 

2 — 4%" Tube sections .... 

I — 5" 'ITilxj section . . . . , 


$0.75 

$22.50 

1.00 

20.00 

.90 

9.00 

1.20 

6.00 

1.00 

5,00 

1.20 

^.60 

1.90 

.9.50 

.05 

'1.00 


1.50 

1.00 

2.05 

2.00 

3.50 

1.85 

.50 • 1.00 

.00 2.40 

.75 3.75 

.1)1) 1.80 

1.06 


$100.00 


A much fiinalbir outfit, suitable fur the individual owner or 
small repair shop follows: 


ASSOIITIMKNT E--$0.25 

$2.40 
.75 
.60 
.70 
.20 
.35 
.25 


Hoiy Tires Are .Often Abused, -~-In many instances tires ha%'e 
been received by repairers which show such wear at thh sides that 
the, canvas layers are exposed, which is due tp three caiisesy all .of 
which may be. directly , traced to abuse by the driver of the car to 


2 lbs. I'ubo stock SI. 20 

1 lb. Tread stock 75 

lb. Cushion s^tock 1-20 

I qt. Cetiiont 

1 Can Boap-stono 

1 doz. Air checks 

1 doz. Valve caps 
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whicb they wwe fitted. This wear may be caused by drjvitig 
against tlie curbstones, in car tracks and with the tires deflated. 
In driving many motorists come up too close to the curb, and the 
friction at the side of the cover natuinlly causes it to w'car on one 
side, so that sooner or later the canvas layers are exposed. -Tliis 
usage, if continued, weakens the shoe and a blowout will result. 

If one drives in car 
tracks the side of the 



Tig. 433.-..-8ectional View of Fuenmatic Tire, 
Sbowing the Defective Conditions Wblch 
Demand Attention. 


trend will wear on both 
sides, as with the usual 
construction the vogue 
in many cities there is 
a space between the 
rail and the paving in 
which the tire may be 
forced, and the fric- 
tion will cause rapid 
wearing of the rubber 
at the side of the 
tiread. 

Other reasons for 
wearing the sides of 
the cover are traceable 
to deflated tires. Tti, 
the case of a shaft 
driven car the sharp. 


edges of the clincher rim may cut into the casing, this wearing being 


known. as rim cutting, being produced by the concentration of the 


entire .weight of that quarter of the car upon the edges of the rim 


ebanuel. • “Wearing by the chain of a side chain driven, car is possi- 


ble, if the tire is not properly inflated. It is evident t^t 
.1ve%ht will depress the tires and if there is not sufficient air thereia ' 
.it cahnot resume the rounded contour under which conditiops it. 
clears, the. cliains, and when flattened the sharp edges of the link 
retainiitg rivets, will sliear off the rubber very quickly. . 
.j-Aaotber coPdition in which many motorists are neglij|^nt .^jB,' 
kOe{^g theiT tires clean and free from oil and grease,, for 
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rubber is perfectly "waterproof, it is easily affected by oils and 
some acids, which act as solvents, and if exposed to tlieir action 
for any length of time it will soften and disintegrate. , The first 
signs of decomposition show only when it is too late, that is, when , 
the tire is beyond rcj)air, and unfortunately there is a tendency 
to attribute this to an inferior quality of rubber, whereas it is 
due directly to tlic solvent action of the oil, and the purer the rub- 
ber the more rapid the chemical action. In many types of live 
rear axles the oil will leak from the housings and get upon the 
tires. Often the motorist will let his car stand for days at a tinie 
in a pool of oil on tlie floor of the garage or motor house. Oil 
should be immediately washed off of any of the rubber parts with 
gasoline or naphtha. Tlie importance of ko(*ping either oil or water 
away from rubber cannot be too firmly impressed upon the man 
who wishes to obtain maximum servuce at minimum expense from 
his tires. 

Why a Tire Depreciates Rapidly. — A most common form of 
deterioration is ordinai’y wear of the rubber tread, which depends 
upon the quality of the rubber used and the number of miles 
driven ; in such a ease the fabric, which is really the main support 
of the lire, is laid bare. This is inevitable, owing to the constant 
friction of the lire against the ground, but many people attribute 
this W'ear to inferior quality of rubber, forgetting that even the 
most resistent of materials "will not constantly endure. If one con- 
tinues to use a tire w'orn down to the canvas the fabric will w;ear 
quickly, and the shoe be weakened so that the walls no longer re- 
sist the pressure of the inner tube, which bursts out through the 
weakened portion. After a tread is worn to the canvas, deteriora- 
tion will be rapid and the only possible repair is the application' 
of a new rubber tread. 

Another cause of tire depreciation is small cuts in the rubber 
covering which will affect the fabric as well. These are caused by 
sharp objects, such as broken glass, nails, particles of iron, flints, 
sharp stones, etc., which stick into the, tire. The damage caus^ 
may be of two different natures, either the outer cover is cut to a 
. greater or less depth or both the cover and the inner tube .are cut 
thiough, the tire being temporarily midei'ed useli^ in tihe latt^ 
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instance, which \s the “puncture” that is the dread of in.ot<msfs. 

i\8snuiing a sharp object has cut a gash into the cover, but has 
not reached the inner tube. In such an event, especially if the 
layers of fabric have not been damaged the driver can go on for 
the moment without repair. It is different when one or more of the 
layers of canvas have been cut into. In that case water, sand, grit, 
etc., work into the cut and cause the tire to blister while water 
will produce rotting of the fabric, either of which conditions if not 
given immediate attention becomes fatal to the outer cover. Sand 
will work between the layers of rubber or fabric and produce lumps 
known as sand blisters, which often puzzle the driver and give rise 
to all manner of surmises as to tlieir cause. 

Water Rots Fabric. — The average motorist does not usually 
consider water an enemy to tires, and it is not so long as it stays 
outside. Moisture has very little effect upon the rubber, but dam- 
ages canvas to a great extent. Cotton fabrics and in fact all vege- 
table fibres which have as a general basis cellulose, such as flax, 
jute and hemp, can offer resistance remarkably Avell to atmospheric 
influences such as oxygon, heat and damp, which affect so many 
organic substances. For instance, it is said that a piece of cotton 
exposed for a month in the air, the sun and the rain, does not 
lose more than two per cent, of its original strength and other 
pieces wetted and ironed dry 20 times in succession only lost three 
per cent. If left under water for six mouths, the cotton fabric used 
does not lose much of the dynamic force although the water itself 
may be covered on the surface with mold. But if cotton is left 
in a damp place, on the damp floor of a cellar, for instance, it will 
get spotted in a very short lime, on account of the mold, micro- 
scopic fungi, mildew, and other minute agents of destruction. This 
effect is well known to motorists as wall papers, which are often 
made of cellulose fibres, will fall to pieces and crumble when on the 
walls of damp rooms or closets. It is this same result which often, 
causes bursting of, tires apparently in good condition, the firat 
time used after standing all winter, because .the cotton fabric is 
rott^. This has been proven by testing the canvas, the reduction 
of -resistance being 50 to 75 per cent, of its original value beeanse 
of the' weakening of tlie fibres due to the chemical action- Tba 
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importance of keeping water from the interior of a tire should 
bo apparent, and this can be best done by keeping iHie tires properly 
inflated, so that the beads, will hug the rim, forming a water-tight 
joint, seeing that all tire and valve lugs have suitable washers under 
the nuts, that the v«'dve is provided with suitable packing washers, 
and lastly that all cuts 
of any size which pene- 
trate to the fabric are 
filled with new rubber 
by vulcanizing. 

Describing Repair 
Processes. — In descril)- 
ing methods of resto- 
ration reference will be 
made to the processes 
for retreading, rebuild- 
ing, making sectional 
repairs, and simple in- 
ner tube work. Re- 
treading is nec(!ssary 
when the outer tread 
has .so worn through 
normal, use that the 
canvas show^s in spots, 
and it can only be 
done with .profit on 
casings that are strong, 
in which the fabric 
carcass or body has not been weakened by blow-outs or rim-eutting. 
Rebuilding a tire is replacing weakened or destroyed fabric by new 
material and making a new tread. It is a more expensive opera- 
tion and is seldom profitable. In case of a large puncture or blow-^ 
out in a casing (providing the rest of the shoe is in good condition), 
it is only necessary to build the tire over at the weakened spot. 
This is known as sectional work and is perhaps the 'most' common 
method of repairing known. Tube work is simple and the metfa^ 
. depends Upon the size of the hole to be sealed. The neeessa^ nia* 



Fig. 434.— ‘View of Inner Tube, Showing , tbe 
Various Sized Holes and Sizes of Patch 
to Use in Making Repairs, also Defects 
that Cannot he Patched but Must ho 
Vulcanized. 
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terial and stock may be purchased but experience can only be ob- . 
tained by constant endeavor to improve, and knowledge is the 
most important asset of the successful tire re])airman. 

Tire Tube Repairs. — Tire tube work includes repairing punc- 
tures, blowouts, cuts due to pinching in application, or by poorly 
fitting security bolts, and inserting new valves. After locating the 

opening, the rubber is 
sligl itly roughened 

with a piece of emery 
cloth for an inch and 
a half on all sides of 
the hole, tlic surface 
is cleaned thoroughly^ 
witli benzine, cemented, 
filled in with unvul- 
cauized stock or a 
patch and cured on a 
fiat plate. Cuts are . 
treated as previously 
described to insure ab-. 
solute cleanliness, the 
edges arc cemented aud 
brought together with unvulcanized stock to form a union, and 
cured, as in the case of a simple puncture. Blow-outs or lai^e 
punctures require different treatment after the rubber has hecu, 
thoroughly cleaned, as the size of the hole seriously weakens the 
tube. The area around the opening is well cemented, both inside 
and out, inside patching material is placed 'inside the tube, the 
space between the edges of the hole filled in with unvulcanized 
material, stitched carefully, placed on a flat plate and cured. The 
length of time in heat is governed by the quantity of material and 
(jimUty of the tube to be cured. This will vary from 10 to 25. 
minutes at a steam pressure of from 35 to ,50 pounds. In apply^ 
ing valves a, piece of rubber known as the valve pad is vulcanized 
£p the inside of the tire instead of the inside patching, this Serving 
as a reinforcement and forming a firin base for attachment of the : 
Talve*' . ' . > ' . \ 



rig. 435. — ^How to Remove the Cloth Cover 
to Expose Cemented Surface of Prepared 
Patch for Inner Tube Repairs. 
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Replaoingf Valve Steins. — There are a number of occasicma 
where the valve stem of an inner tube becomes ^defective due to 
either the stripping of the external threads so that tho pump con- 
nection cannot be securely screwed on, stripping of the valve thread 
inside which prevents the removal of the check valve and bending 
of the stems due to careless handling in removing it from the rim. 
Another common fail- 
ure is shearing off of 
tlie projections on the 
valve inside by which 
it is intended to bo 
unscrew e d , which 
means that the valv(3 
cannot be taken out 
w’lien it becomes leaky. 

Of course, any one of 
tliose dei(‘cts lenipo- 
rarily destroys the use- 
fulness of the inner 
tube. If that member 
is eoniparativtdy new 
or .still serviceable, a 
new valve stem may be 
easily inserted. The 
repairman who docs 
tire wrork will find it 
advantageous to cut out all the valve stems fron old inner tubes 
which may be in his possession, and even when an inner tube is .en- 
tirely worn out the valve stems may be in good enough couditidu to. 
warrant saving them until an opportunity presents itself for Wng 
them. A defective valve stem may be taken out of the inner tubd 
without injuring it by releasing the clamping nut and removing -at 
and the casing spreader, then removing the corrugated washW Whi^ji. 
holds the tube against the button-shaped inner end of the stem. The 
portion of the tube adjacent to the stem can bQ carefully lopSened 
: and the button eiid separated from the rubber by forcing the stem 
into the tube. Some gasoline or naphtha may facilitate loosening pf 





Fig. 436.-^How Tire Tread is Sometimes 
Injured by Projecting Bolts of Fender 
Iron if Springs Deflect Excessively. 
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the valve base if cement has been applied. If a pair of special tire 
pliers is at hand their point can be inserted into the hole and the hole 
can be stretched until it is sufficiently large to pass the button end of 
the stem through. The button end of the new valve stem can bo 
placed in a hole when this is elongated and some cement may be ap- 
plied to the contracting surface of the stem end as a lubricant to 







Pig. 4S7v~Bliowli)g Method of Locating Punctims in laiiw Tnh* 1^' 

. iBuiidndag It in a Tank of Watott tbo jBOcaping Air Xndlcattng 'tlia , 
Pinaenca cf the Leak by BubUes. 
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facilitate entrance into the interior of the tube. The pliers are then ■ 
removed and the tube allowed to constrict around the valve stem. 
Some cement is placed on the corrugated face of the clamping 
washer, then the spreader is put on over the stem mid the clamp 
nut screwed down and tightened. By partially inditing the tubes 


i 

I 


Fig. 438.— Abowlng Metbod of Cleaning Axes Around fbe Fonett^ 

Bmeiy Olotb or Sandpaper Before Applying Cement to Tube. - 

and submerging the stem portion in water ono can easily, determine 
if a satisfactory repair has been effected. Care should be tahe;n in 
replacing the clamp plate or spreader so that its greatest length 
is lengthwise of the tire. The function of tliis- is to protect the 
tube at the point at which the valve is attached. Tt also aids in hold- 
ing tlic casing in place on the rim to some extent. 
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Sinqile Casing Repairs. — In event of a damaged shoe, the ex- 
tent of damage jind whether the hole, is through- fhe c®ver, or only, ^ 
through the nibber is ascertained. If only the tread is affected it.t; 
will not be necessary to remove any of the canvas layers, but tlie 



ng. 439.— Showing Vse of Wire Bristle Buffing Wheel Attached to Spin- 
dle of Small Portable Drilling Machine for Cleaning Area Bur- . 
rounding Puncture on Inner Tube. 


rubber must be cut away for one or two inches around the broken 
.surface. The edges cut bevel, then roughened with a rasp or emery 
wheel;. then apply two or three coats of vulcanizing cement, allow- 
ing each to dry thoroughly and build up with cover stock to sur- 
contour, dust talc over the mold, clamp tightly, and vulcanize. 

. Repairs May. Re Made From Inside. — If the hole is through 
the tread and body, and it is not too laige, such as is caused by- a. 
simple ;pnnetnre, a good deal of work can be done from the. inside 
! of the tire and very little rubber need be removed from the treads. 




ample Cmtnsi Jtcepmre 
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:^a simple puncture no rubber need be removed. For a small, 
.i^lpwout it is only necessary to fill in that part of the tread or cover 
l^at was blown away. In making repairs from inside it is nceea- 
jisary to turn the casing inside out, and remove two or three plies 
fabric inside, "stepping down” each ply, as shown at Pig. 443, 
“jthe last ply to be within two inches of citlier side of the edges of 
' the hole. Clean thoroughly and apply at least three coats of vul- 



440.-^Frepailng Inner Tube for Vulcanizing Fateh. A — Coating 
Inner Wall of Tube with Rubber Cement. B — Inserting Semi^Oured 
Repair Stock Fateh. 


canizing bemeut, allowing each coat to dry tlioroughly before ap- 
plyuig the next. This Avill require about an hour for two first coats 
and three hours for the last. Cover the inside of the fabric with 
20’gauge unvulcanized stock, turn the tire buck as it sliould be and 
replace the fabric removed with new stock by a “stepping-up” 
process, applying one or two extra layers of plies in the inside ex- 
tending for several inches beyond the other material, this to. make 
jibe repair as strong m any other' part of the tire. Pill in the dnt.^ 
fflde surface with raw stock, place the tire in a sectional mold^' 
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Jig. — Skontng use of SQtclier In BoU^ PatoUng.Bulf^boE to Maleo. 

Firm Oostact tritb imesr TuIm. 
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istmg both mold and tire over with talc powder, and after plac- 
ng an air bag^r substitute inside the shoe inflated from 40 to $0 
pounds pressure the curing follows. It is recommended that the 
tire be wi*appcd at each end of the mold for about six inches with 
a bandage, this to hold the case togetlier and prevent distortion or 
bulging out of the air bag. The curing continues from 45 minutes 
0 one hour at from 50 
to 55 pounds;, accord- 
ing to the size of the 
lire. 

Another method of 
making this repair, and 
followed if the blow- 
out is IFt all se.rious, 

“s to remove the old 
trpad for four or five 
inches on either side of 
4ie opening. The tire 
j then restored with 
new stock, after the in- 442.— Showing Method of Using Inner 

side -has been treated ^ in Makii« Tm. 

, , , , poraiy Bepalr of Blowout in Casing. 

ij8S previously described 

'md weakened or broken fabric replaced by a stepped series of lay* 
\ of fresh material. A point that must be observed is to remove a 
/mcient .quantity of, the tire slock to insure that fabric enough 
^'•will be used on the shortest step, which is that next to the cut, so 
that it will bridge over the hole and leave a substantial margin of 
canvas at either side. As it must ho evident that there is consider- 
able strain against the patched portion of the tire, the greater the 
area over which the stress is distributed the stronger the repair. 
Each ply of fabric or rubber should be well rolled with the stitcher 
so that every part of it will adhere, and if air is left between the 
layers, forming bubbles, these will cause loosening of the covering 
when the tiro is in service. Air pockets should be struck open with 
the point of an awl moistened with water before making a hole, as 
the edges will close togetlier more readily if this precaution is taken. 
Retreading and Rebuilding Tires. — If a tire has become worn 
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through normal wear, it is possible to pat a new tread on the oli^ 
iabrie body and jtdd considerable to the life of the tire. To re>^' 
tread a tire the first operation is to remove all the* old tread down 
to the fabric, 'fhis is done by cutting straight across and through 
to the first breaker strip, and pull this away from the tire proper, ; 
using gasoline or benzine to assist in loosening it from the padding. 

The remaining rubber 
is cut away with a 
sharp knife moistened 
in water, and then all. 
traces of the old tread 
are removed with the 
wire brush, emery 
wlieel or rasp. If the • 
fabric has been dam- 
aged, a.s sometimes re- 
sults when the tire is 
run with the tread 
worn so that the plies 
are exposed, each in- 
jured layer should be , 
cut off. After buffing, 
the, outside of the shoe 
is thoroughly washed 
with gasoline, and. 
when this has evapo-|- 
rated three coats of 
vulcanizing cement are 
applied, allowing the lust one, to dry about three hours. A coat 
of 20-gauge cover stock is applied as padding, and over this is 
placed a breaker strip, then another layer of cover stock, also 
used as padding, this covering the breaker strip only. Over this 
padding is applied a sheet of 60-gaugc retreading stock, allowing 
it to extend one inch each aide of the breaker strip ; apply a second 
layer of the same stock about one inch narrower, and over this is 
laid another strip of retreading stock of the same gauge as the 
others which extends to the point formerly the edge of the old 



Tig. 443. — ^At A, Method of Stepping Down 
Tabilc and Tread of Outer Casing when 
Bfpalring Blowout hy Sectional Vulcan- 
izing Pioceea. At B, an Inside Patch that 
la Held in Place hy Mechanical Means 
Instead of Cement Is Shown. 
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tread. Each ply is rolled thoroughly and stitched and all air is 
released from air blisters. The shoe is now ready for curing. 

Hebullding is very sin)ilar to retreading except that new fabric 
is used to replace any that is not up to the standard in the body 
or carcass of the shoe. The tread is removed as in retreading, and 
the first ply of fabric is cut through all the way around on the 



Fig, 444. — Showing Method of Stripping Off Worn Fabric from Section 
of Old Casing to Make a Very Satisfactory Inside Fateh for Blown^ 
Out Pasings. 

center of the tire. After cutting, this ply is ttirned back all the 
way around to within one-half to one inch of the bead. The weak- 
ened plies are removed, never more than three, as more than this 
makes the cost of this mode of restoration prohibitive. Assuming 
that two plies are removed, cut out the. first all the way around 
within one-half inch where the first ply is turned back. Remove 
the next ply within one-half inch of the second and clean the tire 
thoroughly, applying three coats of ceineut. It is imperative that 
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Tig. 445 Beplcting Various Steps In Betreadmcr Oasinff A-*-8trlpplng y 
Off Defective Tread Bul)l)er B — ^Applying Kew Cover Stock O^f 
Wrapping tke Casing Firmly witk Strips of Clotb Bolting on 
Cover of Steam Oven Betreading Type Vulcanlzer. 
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tile cement coatings dry. thoroughly. Twenty-gauge cover stock is 
«oolied orer the cemerit and rolled thoroughly, and rebuilding 
c, cut on the bias, is Used to replace the plies previously re- 
moved. The part of the tire that is turned back is rolled into 
iiroper position, the union at the edges being made with unvul- 
canized pure gum stock, and the remainder of the process is the 
same as in retreading. • 

Many rim cut clincher tires are brought in, the damage .result- 
ing from use witliout sufficient internal air pressure, and in some 
instances it is possible to make a very satisfactory repair upon 
these. The I'ubber is removed from the cover on the side for about 
an inch and a half or two inches above tin? bead and then a ply of 
fabric is removed about ono-half incli from the toe of the bead. If 
more than one ply is cut the next ply should bo cut away one inch 
more than the firvst. Clciiii thoroughly and cement. Twenty-gauge 
cover slock is applied, tlie rebuilding fabric to take the place of 
each layer removed, the last^ply to bo cut wide enough to turn in- 
side the easing from tw’o to three inches. An amount of unvul- 
eaiiizod stock abo\it ecjual to that removed from the cover is then 
applii'd and the tire is ready for curing. 

In tire retreading or rebuilding, certain essential factors, if ob- 
served, w’iJl insure success. The parts must be thoroughly cleaned 
before application of cement, and all coats should be allowed to dry 
at least the time specified by the makers. Every layer of material 
Applied, whether fabric or rubber stock, must be firmly rolled to 
insure proper adhesion, and it is imperative tliat air bubbles be 
punctured and the air released. The best cements and stocks to 
use are dictated by experience, and the gauges of the stock ap- 
plied will vary with the individual preference of the repairman, 
though these should be chosen wdth reference to the material in the 
tire that is bang restored. 

ij^ To cure a rebuilt or retreaded cover in the large pot heater, it" 
is necessary to ^vc air bags of the proper size for each tire, as 
JJiiose that are too large may become pinched, while those top small 
will not properly fill the interior of the casing. After an air bag 
(which is in reality either a portion or entire specially made tire 
j|;ubeV. ia placed in the case, the tire is assembled on the rim and 
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wrapped spirally with a bandage of sheeting or light duek about 
three inches wiefe. Next tho air bag is iuflalcd tO 40 Of SO pOUndS 
pressure, and the lire is placed in the heater and cured, the period 
of curing depending upon the size of the repair, varying from 30 
minutes to one hour and at pressures of steam varying from 40 to « 



Fig. 446.^— Comer of Typical Repair Sbop, Bbowlng Practical AppUea- 
tlm of Vulcanlzer on Both Tube and Casing Work. Notice Inser- 
tion of Air Bag in Casing Before Fnttlng Same In Sectional Mold. 


50 pounds. In curing special care must be taken and in this pro- 
cess many inexperienced operators make error. If a casing is cured 
too long the rubber will be too hard and will lose resiliency or life ; 
while if the curing process is hastened and the tire is not properly , 
heated, the rubber will be soft and repair unsatisfactory. After^:^ 
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removing the tiros from the heater they are allowed to cool ftbout 
30 minutes, then unwrapped and hung up for a 3ay or two to set. 
Steam at a pressure of 40 pounds has a temperature of about 250 
degrees Fahrenheit and is the heat commonly used in curing rabber. 

\ Dry Cure Methods. — There are two systems of vulcanizing 
wdien making sectional repairs or retreading, that best £uiapted for 
general use being the dry cure system in which the desired pressure 
for vulcanization is secured with pads instead of with an air bag 
and whore the tire is (aired by tlie application of heateci elements 
rather Ilian WTapping it and placing it in a steam oven. A num- 
b(»r of luolfls used in tJie dry cure system and sold for use wdtli the 
Haywood vulcanizer have been previously (Jeseribed and illustrated 
in connection w'ith that outfit at Fig. 430. Additional appliances 
ai*e showm at Fig. 448. That at A is known as an inside patch or 
relining mold and may be used in relining, pat(4iing or for drjdng 
out the interior of a casing before a reenforcement is started. On 
blowout w'ork, especially of tlie larger and more difficult class, it 
is often necessary to apply two or three layers on the inside of a 
tire, and although considerable heat is conducted from the outside 
mold it is Avell to give the repair a twenty minute cure on the in- 
side which is bcist accomplished wdtli Ihe form of mold shown at A. 

Solid pads and clamps are used in coiiiioclion with the various 
types of Haywood molds for obtaining pressure on the curing stock. 
These pads conform to the curvature of the liiold bn wdiich they 
are used. ‘There arc a number of advantages given for the pad and 
clamp systeili, over the air bag system. It is said that the properly 
built pads last indefinitely, whereas the air bags have a definite life 
and are subject to the uncertainty incidental to the use of pneu- 
matic appliances. With a solid pad on one side of a repair and a 
substantial accurately machined mold on the other and with three 
to five heavy iron clamps drawing the two together it is possible 
to exert more pressure on the curing stock than by any other sys- 
' tern and pressure is considered an essential to good work. The pad 
and clamp system is simple and easy to operate and there is nothing 
in its operation that calls for skilleti^ labor. It not only prodticea 
considerable pressure on a repair but also localizes the heat to the 
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The motliod of using the pressure pad in making a repair on a 
defective tire bead is shown at Pig. 448, B. The s^de wall and bead 
mold is shown at C, while tlio appearance of a repaired portion of 
a casing having a long riin cut and blown side wall is shown at D* 
Eetreading may be also easily accomx-)lisliccl by the dry cure method. 
The appearance of a tire needing retreading is clearly shown at 
Fig, 4«19, A. This is only x>raetical if the layers of fabric are in 
good condition. The old tread is strij)ped off as prcvioflsly de- 



rig. 44&.-^MQldB for tTse Dry Cure Process of Vulcanising. 
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scribed and the new tread eemonled on and vulcanized by the uso 
of a retreading mold which is shown at Fig. 449, 6. The retread- 
ing molds are 26 to 28 incjhos in length and heat approximately one- 
third of the circumference of the tire at one time. The molds are 
hollow, allowing steam circulation from one end to the opposite and 
have an opening at the lowest point to exhaust the products of con- 
densation. Tlie sectional view of tlie mold with the clamp ayd cas- 
ing in place shown at Fig. 449, B, shows the construction of the 
mold and the method of applying the new tread very clearly. The 
appearance of a retreaded lire after the new tread lias been cured 
on is clearly showm at D. Sectional molds, wiiich are the forma 
previously described are simply short retreading vulcanizcrs. They 
are used for curing the tread portions where the injured section 
is not long enough to call for the use of the retreading mold shown 
at C. Sectional molds arc tJie forms to use for surface cuts, sand- 
blisters, stone bruises, short patches of loose tread and other de^ 
fects confined to a specihe area of the tire. 

Reconstructed Tires. — A new method of tire salvage has been 
recently devised by which two old casings may be combined to form 
a new’ casing, this being especially desirable wdicu one of the cas- 
ings has a good bead but a poor tread while the other one may have 
a good tread but be defective at the bead. This process is called 
reconstruction to distinguish it from retreading as it consists of 
stitching the two tires together in such a way that they cannot 
separate, ilsiug the one with the best bead for the inside member.. 
The entire filature of tlie repair lies in tlie stitching process, and as. 
this is not an easy one a number of firms are in existence which 
have special machinery for doing this work. Sometimes the pro- 
cess includes adding a special layer of calendered fabric to the 
sux’facc of the inner tire. Another process mcludes the addition 
outside of the second tire of a non-skid surface composed of steel 
^studs fastened into a special fabric, this being firmly cemented to 
the casing. 

The appearance of reconstructed tires is shown at Fig. 450. In 
one process the procedure is substantially as follows: the cover is 
first subjected to examination and if found satisfactory for repair- 
.,ing is transferred to the stripping machine which strips the whole 
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<)f the remains of tlie old rubber tread from the canvas base. Any 
cuts, bruises dc bursts are then cut clean and built up with fresh 
fabric and rubber and the cover is then treated to a process that 
forces a rubber compound under heavy pressure into the spaces 
between the layers of canvas where movement between them hagi 
produced separation. To the whole of the inside of the cover one 
or t\fO fayers of specially prepare ' canvas are applied, the cover 



Fig. 450. — ^lyEetliod of Oom’binlng Wozn Tires and New Material to Pro- 
duce a Beconstructed Casing Capable of Giving Considerable AddU 
tional Service. 


heing put into a special sewing machine w^hich covoi's it with a net- 
work of stitching which runs through the entire carcass, this re- 
ducing the internal movement of the layers relative to each other 
to a minimum. A final lining of friction canvas is attached to the 
inside over the stitching. The stitching and treatment up to this 
j^oiiit form the basis of the patent which protects the manufae 
tWers repairing by this process. The illustration at A indi^tca 
the stitching of the inner cover before the outer cover is applied. 
The view at B shows the completed unit with the other tipead in 
and fastened to the inner cover. In this view A dudicat^ 
;\the old cover with its tread removed, B, the. cross sewing, 0, thgj 
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joinmg robber, D, the new tread, E, dark rubber forming the new 
tread, P, light rubber and canvas forming the base of the new 
tread. After the cover has .been stitched as shown at Fig. 450, A, 
the next stage is to treat it to a generous layer of rubber compound 
m the outer side and the prepared jointless ti'ead is carefully fixed 
in place. The cover is then filled with molds which are hammered 
into place to stretch the cover base into its original shape’an^ ap- 
proximating as near as possible the shape it assumes under Avorking 
inflation pressure. The next process is the wrapping and -binding 
of the cover. This is then followed by treatment in a vulcanizer 
from whence it emerges with the tread attached to the original can- 
vas base by a thick layer of resilient black rubber. It is said that 
^he life of a reconstructed lire is often equal to that of a new one 
whereas the cost of reconstruction is but 50% of that of new tires, 
in most cases. 

Repairing Punoturee with Mechanical Plugs. — Repairmen who 
have had ejiperience in bicycle work arc thoroughly familiar with 
the advantages as well as the limitations of the screw down plug 
which has been widely sold for repairing single tube bicycle tires. 
A modification of this form Of plug has been introduced for use 
on inner tubes and has the advantage of being very easily handled 
though its use is limited to the repair of small punctures. The plug* 
itself consists of two threaded discs of metal which are firmly vul- 
canized in a surrounding mushroom shaped mass of rubber. Tho 
tlpwer one of tliese has a stem attached to it on which the upper 
nead is threaded. The plug Is clearly showii at Fig^ 451. For 
motorist’s use these are sold as a kit with a set of special pliers to- 
facilitate manipulation. The first operation after the puncture ia 
located is to use the conical punch end or cutter as indicated at C, 
which makes a smooth round hole that is not apt to tear. The next 
operation is to stretch the hole as shown at D in order to permit 
insertion of the lower p<^rtion of the plug. After this is in 
place the upper part is kept from turning as shown at Fig. 451, E, 
by pressure of a finger, while the lower portion is brought tightly 
to bear against the inner tube which is sandwiched between the two 
parts d£ the plug by turning the bent imrt of the st(?ni which acts as 
:& lever abd makes possible the secure retention of the inner tubo 





Fig. 451. — ^How Inner Tube Punctures May be Bepaired trltb 
Sampson Mecbanlcal Bepair Plug. 


"between tJio upper and lower portions of the plug. After these 
parts have been tightly screwed together, the projecting end 
the threaded stem is broken off or cut with the pliers and if any " 
projects it is smoothed down with a file. In order to prevent the 
plug cutting through as would be the case with metal plugs the 
edges of- the rubber pieces are very fiexible and soft whichi of 
course, prevents them cutting into the inner tube. ^ ^ 
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AIR PRESSURE AND CARRYING CAPACITY PER WHEEL OP 
STANDARD SIZED PNEUMATIC TIRES 

For weights in excess of 1;(U)0 poundhi per wheel, 5-inch, tires or larger 
are recommended. 


i 

Size, 

Inches 

SINGLE 

DUAL 

Extreme Loiul 
per WhoeU 
Pounds 

Air Pressure 
Recommended, 
I'ounds 

Extreme l/iieisht 
per Wheel, 
Pounds 

28 lo 36x2i 

225 

40 


28 to 36x3 


50 


28x3i 

400 

GO 




60 


82x3i 


60 


34 and 36x3} 

600 

60 


30x4 

550 

75 


32x4 

650 



34x4 

700 



36x4 

750 


1200 

82x4} 

700 



34x4} 

900 



36x4} 

1000 


1350 

36x5 

3250 

90 

1500 

38x5} 

1350 

90 

2000 

40x6 

1500 

90 



IXCREASE IN AIR FRESSURES (WUSED BY DRIVING 

The figures given hy tire nianufacturors as the most suitable for initial 
inflation generally lake into account the increase in temperature and pressure 
created by prolonged running. It, however, is useful to know what this 
increase is. The figures in the following table are given by a French 
authority and are averages computed on tires from 3 to inches diameter 
under usual touring car >veight and speed conditions. For larger tires the 
increase is greater on account of the greater rigidity of the cover walls« re- 
sulting in greater internal strains in the fabric at the points of bonding. 


Initial Pressure In Tire. 
Cold. 

Pounds per Square Inch 

Working Pressure fa Tiro, 
Warm. 

Pounds per Square Inch 

Increase resulting from 
Work. 

Pounds per Square Inch 

71.116 

88.183 

17.067 

85.389 

105.760 

20.411 

99.562 

123,546 

23.984 

113.786 

141.920 

28.135 
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MAXIMUM CARRYING CAPACITIES OF SOLID TIRES 



METRIC TIRES AND THEIR AMERICAN EQUIVALENTS 



Approximate Slac 
in Inches 


26x2 
28x2 % 
30x2 Vj 
32x2 Vj 
33x2 Vi 
34x2 % 
28x3 
30x3 1/4 
32x3 % 


3Qx3 % 
32x3 Vi 
32x3 U 
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MISCELLANEOUS REPAIR PROCESSES 

Oxy-acctylene or Autogenous Welding — ^Torches for Welding — Sources of 
Gasr— -Cost of AutogenoiiR W'elding — ^Instructions for Operating — Welding 
Cast Iron — Method of Preheating — Welding Aluminum — Welding Malle 
able Iron — ^Welding Brass and Bronze — Genera] Hints — Treatment ot 
Steel, Annealing — Box Annealing — Hardening — Pack Hardening — ^Temper- 
ing — Case Hardening — ^Distinguishing Steel from Iron — ^Hardening Steel 
Tools — Temperatures for Tempering-Molten Metals to Produce Desired 
Heat — ^Working Iron and Steel — ^Annealing Chilled Cast Iron-^Bending 
Pipe and Tubing — Filliiig the Tubing — Pipe Bending Fixture — Straighten- 
ing Out Bent Fenders — ^Removing Dents in Tanks — Soldering and Braz- 
ing Processes — Fluxes for Soldering — »^olders ami Spelter for Different 
Purposes — Lead Burning — Soldering Aluminum — ^How to Bra£.e Iron and 
Steel — ^I’esting Lubricating Oils — ^Evils of Exhausting in Closed Shop — 
Instructions for Repairing Storage Battery — Care of Grinding Wheels— 
Speeds for Grinding Wheels — Grading of Grinding Wheels, 

Many men are engaged in the automobile repair business who 
have been- specialists in some particular branch of mechanical work 
before becoming interested in the automobile. Wood workers, 
blacksmiths and carriage smiths are especially noted owing to the 
decrease in carriage and wagon work and increase in automobile 
repairing. The review of various mechanical processes which fol- 
lows cannot fail to be of value to all those not thoroughly familiar 
with all branches of mechanical work. Even the automobile me- 
chanic will find the material useful for review. 

Autogenous Welding. — ^Autogenous welding is the process of 
uniting metal surfaces by heat without the aid of solder or compres- 
sion. High temperature, full control and easy application of the 
heat are necessary reqiiisities. The most satisfactory method is 
termed the oxy-acetylene process, the flame having a temperature 

8S7 ' . 
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of about 6300 degrees Falirenlicit. By this process iron, steel, cast 
iron, aluminum, bt'ass, copper, platinum and other metals may be 
so perfectly united as to defy detection whpn the joint is smoothed. 
Its uses include the following : Eeelaimiiig liglit and heavy castings 
coming from the sand wdtli blow holes, sand holes, cold shuts and 
lugs off; reclaiming liglit or heavy cracked or broken aluminum; 
adding i^et^ to parts subjected to friction ; repairing large or small 
frame members in place, welding in new parts or filling in cracks ; 
welding split piping or flanges on pipes; reclaiming imperfect steel 
eastings; extending short shafting, adding small metal parts broken 
off or missing and renewing teeth broken from gear wheels. 'This 
process is of inestimable bemefit to the automobile repairman and 
every first class mechanic should have experience in handling the 
welding torch. Its uses in the repair shop arc legion. 

The operation of cutting steel or iron is by heating the metal 
at the first point of contact to the red with the ordinary welding 
flame. This flame is then continued with a jet of pure oxygen 
turned on, which unites with the carbon of the metal and disin- 
tegrates it with surprising rapidity. The cut is narrow and smooth, 
with no material damage by oxidation. It may be made in any 
shape, and the process will be found especially valuable in making 
many kinds of dies and in fitting steel plates. Steel beams in 
structural work, steel arches, steel boilers, steel piling, shaped deck 
plates for steamships and the hardest steel vaults may be cut with 
ease. The secret of the process lies in the high temperature of 
the flame, which increases the temperature of the metal so rapidly 
that very little heat is disused into the body of the part, most of 
it therefore being available for fusion. The number of heat units 
actually absorbed by the metal is a very small fraction of that 
required to bring the same part to a brazing heat with the ordinary 
gas or oil blowpipe, and very little if any warping takes place. 

One of the first points to be understood when considering the 
use of autogenous welding is that the heat actually has to come in 
contact with every particle of metal welded. It is impossible to 
weld' by this method where this cannot be done. If a small boss is 
required on a given casting, it is useless to cut out a disc of metal 
the same size of the boss with the idea of welding it on. The cor- 
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rect vray would be to add metal drop by drop, until the required 
size is i*eached. The torch is the most important factor in auto- 
genous welding and cutting. The typo generally admitted to be 
of the best construction consists of two small pipes or conduits 
terminating at one end with hose connections, the other entering 
a recess head that receives the torch tips. The pipe for acetylene 
is screwed into a cylinder about one and one-half inches in (Jiameter, 
which serves for a handle, and is packed in porous material that 
prevents the possibility of communicating a dame beyond that 
point. 

Torches for Welding. — It is not generally known that three 
distinct types of torches liave been invented for oxy-acetylene weld- 
ing. These are termed respectively low, medium and high pres- 
sure, taking their name from the relative pressure under which the 
acetylene is used. The. high pressure torch was never introduced 
into this country owing to certain disadvantages, finally causing 
the medium pressure torch to be brought out. The low pressure 
torch was invented by Edmond Fouche, and its principle is based 
on that of the injector, the acetylene being drawn by suction pro-' 
dueed by the flow of oxygen, which is under pressure. The acety- 
lene is brought to the torch under a pressure of a few ounces per 
square inch only. The flow of oxygen is regulated by the area of 
a nozzle and by its pressure so that the correct proportion of acety- 
lene is sucked in. The mixture then passers out at the burner or tip 
of the torch. 

The size of the orifice in this tip is of great importance, as it 
controls the i*esistance in the mixing chamber to the flow of oxygen, 
and therefore controls the proportion of the tw’o gases. As is well 
known, the amount of fluid sucked by an injector is proportional 
to the square of the velocity of the propelling fluid. It is tlicrefore 
essential that the flow of oxygen should not vary or the proportion 
of acetylene would not be constant. For the low pressure torch 
this proportion is 1.7 oxygen to 1,0 of acetylene by volume, at at- 
mospheric pressure and any variation in either direction will pro- 
duce either an oxidizing or carbonizing flame. The flame should, 
therefore, he carefully watched as the orifice in the tip may be ex- 
panded by the heat being deflected' onto the torch, or it may be 
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contPacted by particles of metal adhering' to the tip^ thus changing 
the mixture. Owing to the hne adjustment of the hgeetor parts, 
these torches are often made without any means of varying the 
size of the dame, it being necessary to disconnect the torch from 
the' hose and substitute another one, when it is desired to do this, 
a number of torches being required if it is necessary to weld on 
all classes of work. Owing to the low pressure, the speed of the 
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issuing mixture is very little above the speed of the propagation 
of the flame and “back fires” frequently oecttm the gas has then 
to be turned off, lighted again and the mixture readjusted. The 
ordinary acetylene lighting generator supplies gas at a pressure 
suitable for use \dth this torch. 

In the medium pressure torch, both the acetylene and oxygen 
are under an appreciable pressure, which results in a cbnstant mix- 
ture under all conditions, the i)roportion being 1.00 of acetylene to 
1.3 of oxygen. Tlie mixture is reflated by Imles at the inner end 
of the detachable tip, and is not affected by any variation at the 
outer orifice. The pro.s.sure of each gas is kept constant as required 
by adjustable reducing valves in the j>i))C linos. The speed of the 
gas is greater tlian in the low pressui'c torch and back firing is prac- 
tically eliminated. If tlu! fianio goes out, it can be relighted with- 
out altering the gas adjustment. 

Sources of Oas. — The source of oxygen and acetylene gas sup- 
ply is a question which reepures careful consideration for each in- 
dividual case separately. It can either be generated at the plant, or 
can be shipped in steel cylinders from one of the several companies 
who are generating and compressing it. 

The points to be considered are : 

1. The tran.sportation charges for the c:omprcs.sod gas and cost 
of the cylinders. 

2. The quantity of gas used and, therefore, the number of cylin- 
ders that would be required to contain it. 

3. The regularity of the consumption, depending on the regu- 
larity of the work, and also of its size. 

4. The cost of generating the oxygen at the plant. 

The first depends upon the locality 4nd shipping facilities, as 
well as in the quantity of. gas that will he used. The second also 
depends on the first, with, tiie consideration that the wst- of cylin- 
ders might equal or exceed the cost of .tbS* generating plant. 

The third might necessitate tiie geri^ration of ^oxygen at- the 
plant, anywray, particularly if .repairs trere the principal work 
carried out as unless the supply of work were regular and all of 
small size, one could not depend op k^ping a sufficient supply of 
oxygen on hand, and this elaSs of work Ut generally reqnir^ iin- 
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mediately, and cannot therefore wait for shipments. The fourth 
depends oh the quantity of the chemical that could be bought at a 
time and the cost of its transportation, .and also on the amount 
of establishment charges that would be figured in. 

It will be evident that the best method for the garage repair 
shop is that which involves the least expenditure as the amount of 



XMg. 453. — ^Torch for Autogenous Welding and Tips for Same at A. Fre^ 
heating Torch at B. Fortable Welding Outfit on Wheeled Truck 
Shown at Bottom of the lUuBtratlon. 


wort done would not be sufficient to warrant the installation of 
an oxygen generating plant using the usual mixture of chlorate of 
potash and manganese dioxide. The acetylene gas may be readily 
obtained through the almost universal Presto-lite service and oxy* 
gen cylinders are also easily available. 

The matter of Cost of welding by the oxy-acetylene process de- 
pends upon many factors, and estimates can onl^ be. given by the 
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repairman after he has had considerable experience with the pro- 
cess. Some work requires preheating and eareflil manipulation, 
some must be clamped to. prevent distortion, in such cases the cost 
of the jig or fixture is apt to cost more than the welding. 


CArACTTY OV CYLTKDEPS 
All cylinders are charged at 150 lbs. rrossure 


Diameter 

Inches 

Leng-th, 

Inches 


Capacity, 

Cubic Feet 

Weight. 

Pouads 

7 

24 


50 

50 

8 

30 


80 

75 

10 

30 


125 

105 

12 

36 


225 

120 

14 

48 


400 

349 

10 

48 



500 

435 


The following table gives an approximate idea of llie cost of 
avoiding under tljo conditions stated: 


APPROXIMATE COST OP OXV-ACETYLICNE WELDING 

O.vygen at throe cont'=«. Acotylono at one rent per cubic foot. Labor at 
30 cents per hour. 


Tip 

No. 

Thickness 
of Metal 

Consump- 
tion of 
Acetylene 
per Hour 

Consump- 
tion of 
Oxygen 
per Hour 

Linear 
Feet 
Welded 
per Hour 

Cost of 
Labor 
perHoui' 

ToUl 

Cost 

per Hour 

Cost pex 
Linear 
Foot 

1 

to 

Feet 

2.8 

Fei't 

3.6 

Feet 

50 

Cents 

30 

$0.43 

$0,008 

2 

tV ** ‘B f 

4.5 

5.7 

30 

30 

0.51 

0.017 

3 

n®j i 

7.5 

9.7 

25 

30 

0.66 

0.026 

4 

i " i 

11.7 

15.0 

16 

30 

0.86 

0.045 

5 


18.0 

23.0 

10 

30 

1.17 

0.117 

6 

A " * 

26.0 

32.0 


30 

1.51 

0.216 

7 

A " i ^ 

32.5 

41,5 


30 

1.87 

0.S74 

8 

1 upward 

48.5 

62,0 


•• 

2.64 



Instrnctioiis for Operating. — ^The following instructions are 
taken from the literature of the Welding Apparatus Company of 
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ToU-do, Ohio, aud while intended to apply to the ‘'Monarch.’^ 
welding outfits Vnanufactured by this concern, the processes may 
he followed with almost any of the garage type welding outfits 
oflered by reputable manufacturers. 

1. See that all gas connections arc tight, using soap suds to 
discover leaks, if any. 

2. yjpper side of torch is for oxygim. Acetylene connection ‘ 
should be made to lower side of large, handle. 

3. When all connected up ready to liglit torch, turn regulators 
out, so there is no tension on spring and they are closed. Then 
turn both tank valves open full. Open both valv(is on torch one 
full turn or more; turn on acetyl(‘ne sliglitly and light at tip; then 
turn on more until blaze has left tip slightly; then turn on oxygen 
same way until small wdiite inner cone is formed in blaze. If 
blaze pops and goes out this denotes that not enough acetylene, or 
too much oxygen, is being used. * The flame should have a small 
inner cone from ii^ch to yi inch in length with an outside flame 
of larger proportions. 

4. Welding should be done at the end of the small white cone, 

5. In case there is a faint outline of a larger cone, the acetylene 
tap should be closed slightly, which will brnig this cone just inside 
the small white cone, producing a neutral flame proper for a suc- 
cessful welding, (Opening oxygen will give same result.) 

6. Blow pipes are adjusted for the proper working conditions 
and no sharp instruments should be used to clean out the welding 
tips. 

7. Practice should begin on lighter sections of raetal and grad- 
ually work up to the welding of the heavier sections. 

8. When working on heavy work, water should be provided in 
which to cool the welding tips. Leave the oxygen tap open to ex- 
3 >el steam formed. Do not plunge, but dip several times to grad- 
xiaUy direct the heat to the tip. Otherwise you may crack the 
welding head. 

. Welding Oast Iron.— In welding cast iron, such as automobile 
cylinders and machinery parts of similar character, it is necessary 
to preheat the part which is to be welded to a temperature which 
is slightiy below a dull red heat, if there are no parts that will be 
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Fig. 454.— ^lu$tratlng Various Stops in Autogenous Welding Operation, 
Such as Preparation of Work and Manipulation of Torch. A — 
Method of Holding Crankshaft When Wading Broken Weh. B — 
Forms of Grooves for Welding Various Thicknesses of Stock. 
C^howing Method of Attaching Seducing Valve to Gas Tank, 
f* Method of XTsing Welding Bod. B — Showing Path of Torch Tip. 

F— Filling a Hole hy the Autogenous Welding Process. 


injured by such heat. This heat should be applied gradually and 
when the whole object has been sufficiently preheated, the welding 




be done. 


There are two reasons for preheating. 


First, to save 
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rig. 465.— niiutrattng Frluelpal Cylinder Defects tbat May be BeadUy 
* ' Bepalred by Autogenous Welding Btoeese. * 


gas, and second, to relieve strains, due to uneven expansion wd 
contraction of the part being welded. Great care should also be 
used to see that all castings cool slowly after welding, as many a 
good weld has been spoiled by too rapid cooling. A box of lim^^, 
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6r ashes should be provided iu which to b.ury the ^sting So it will 
cool slowly. 

Method of Preheating.— 'Where city, gas of some kind, together 
with compressed air, are both obtainable in the shop we recommend 
very higlily a preheating blow pipe using this fuel. It makes an 
ideal outfit and in fact will be found just as efficient as«the other 
preheaters herein shown, and will answer any and all purposes 



Fig. 456. — Examples of Defective Cylinders that Were Bepaiied by 
Autogenous Process. Cylinder Flange at tbe Left was Bepaired at a 
Cost of 17.60; Cracked Crown and Water Jacket at the Bight Ba> 
paired at a Cost of 612. 

to which the oil burning preheaters might be applied. Of course, 
where fuel gas and air are not both obtainable in one shop we 
^ recommend the oil burning outfit shown, although they are dightly 
'^higher in price, but, as stated above, where the shop is so situated 
as to be fortunate enough to have both compressed air and fuel 
. of some kind the gas preheating torch will be found to be very 
.satisfactory, as the first cost, and also the cost of maintenance, is 
. low. The fhmace or muffle is then built of fire brick to a snit{ible 
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size for the particular part we are about to weld. A removable 
eover is used of asbestos board or sheet metal. 

After the welding has been done, the object should be heated 
again in a similar manner as the preheating was dmie and then 
allowed to cool off slowly in the muffle. This is necessary to prevent 
cracking dpa to the local expansion and contraction, caused by the 
local heat of the welding dame. This method is also useful in 
obtaining a softness of the material in the weld. This method of 
handling welding of cast iron will prove a saving of from 30 to 
50% of the cost of gases used for welding. There is nothing 
particularly difficult in the handling of the welding flame in con- 
nection with welding cast iron, but it should be borne in mind in 
welding of heavy sections, that the fractured portions should be 
tapered out in order that the welding can be commenced at the 
center of the section, building up as the welding proceeds. A flux 
is necessary for use in welding cast iron and will be found to make 
the metal flow more readily and at the same time, flux out the sand, 
dirt, grease, etc. Be sure that the sides of the fracture are in 
molten condition before filling material is added. 

Welding Al uminum . — The welding of aluminum requires con- 
siderable skill and experience before successful work can be ex- 
pected on intricate parts. The manner of making the weld is slightly 
different feom that used with welding of cast iron, due to the 
fact, that when aluminum is heated, an oxide film is formed, which' 
prevents the metal running together and forming a suitable weld. 
To overcome this, the aluminum filling rods must be inserted into 
the molten aluminum, which is being welded, and moved about 
rapidly, something similar to puddling, in order to break up this 
oxide film and allow the aluminum to run together. A flux has 
also proven of advantage in this connection, where before, practi- 
cally all of this work was done without the use of a flux. A larger 
tip lEf necessary for welding a section of aluminum than would be 
required for the same section of steel or cast iron. This is due to 
the fact that aluminum conducts heat away very rapidly. With 
the proper size tip in use, it is necessary to melt a considerable 
pic^on of aluminum, which is being held in shape by. the fire 
form, Now the extra metal can be added from the i^ing imd 
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(=1 irred or puddled with this rod to break the oxide film which forma 
wheni aluminum is melted.' A flux has been provided for use i& 
this connection and will be found very valuable for btoaUng up 
this fllni. In fact, by using this flux, bosses can readily be built 
up at any desired point. This is something that could not be 
done before a flux for welding aluminum came into general use. 

All precautions should be taken to have the work securely 
fastened or harnessed, for instance, when welding a hole in the 



rig. 467. — ^Example of a Btokea Crank Case B^talred by Autogenous 
Welding Process at a Cost of $35. 

side of a crank case, it is customary to clamp a shaft, which ap^ 
proximates the size of the beaiings (plus, of course, the thickness 
of the cast metal bearings, which would melt out when preheating,) 
into the crank case bearing supports, in order to insure perfect 
alignment of the bearings. Angle irons are bolted to the flanges 
where connection is made to the other half of the crank case in 
order to insure perfect alignment of this part. 
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It is good practice to place a sheet of paper on the inside of the 
case next to crack to be trelded. This paper prevents the 
fire clay from getting into the crack. Upon this is placed fire clay 
in plastic condition which is held in place by means of asbestos 
fiber. This makes a light backing or mold for the case and can . 
be easily handled without fear of the mold or core being so heavy 
as to break down the case when heated for welding. This mold 
should be large enough to cover sufficient area around the crack 
so that the aluminum will not break down. 

Aluminum parts must always be preheated and handled in a 
similar manner ak automobile cylinders, as outlined before, witli 
the exception that aluminum, of course, should not be heated to 
such a high temperature; on account of the fact that within 50 
degrees C. of the melting poftit, the metal is very brittle and '■ 
without strength. It is customary to heat up these eases thoroughly 
imtil they will melt half and half solder in wire form. This tem- 
perature is about right to prevent cracking occurring on account 
of expansaon and contraction and at the same time, the aluminum 
will possess sufficient strength so tliat with ordinary handling no 
trouble is experienced with alignment or failure of the part. 

Welding Malleable Iron. — Parts of malleable iron arc handled 
in much the same manner as cast iron parts in preparation for 
welding. It is dustomary to re-enforcc the malleable iron weld as 
much as possible by building up the section at the fracture. The 
filling material used is usually nickel steel in the bottom of the 
weld, finishing the top surface with cast iron rod. The latter ♦ 
runs better and makes a smoother finish. 

In some instances you may find tliat the fracture will be through 
a tapped opening, in which case, it will be necessary to cape this 
portion out entirely, making a much larger opening than the hole 
itself and then filling this with cast iron, using the same precaution 
in welding cast iron to have this portion soft. Wherever the union 
is made between filling material used and the malleable iron, you 
will find this so hard that it will be impossible to drill or machine 
in any way except by grinding. 

In some casi^^ in making repairs on malleable iron parts, it is 
even necessary to strap these parts by means of wrought iron or 
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^teel sti*aps welded to the body of the oastia^. In any eyent^ bear 
in mind that the heat necessary to melt the mt^leable iron will 
destroy the properties of the malleable iron, which were pnt into 
the part when annealed in tlie furnace. Consequently it is nee* 
essary to use a stronger filling rod and increase the section. 
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Fif . 468.— ^Examples of Repairs Accomplished by Autogenous Weld* 
ing Frpeess. A-*Oracked Water Jacket Restored at a Cost of $6.60. 
B — ^New Metal Applied to Replace Broken Teeth on Transmission 
Gear at Cost of $1.60. C — Cylinder Water Jacket Repair Costing' 
$12. I>— How Worn Keyway on Steering Sector was Filled with 
Hew Metal for Recutting at Cost of $1.25. E— How Worn Special 
Steel Bushing was Restored to Efficiency by Filling Grooves with 
Metal at Cost of $1.25. 


Welding Brsss and Bronze. — The preparation of brass and 
bronze castings for welding is similar to that for cast iron castings. 
The fracture must be caped out so that the welding can start at 
the center, the groove being filled with metal melted from filling 
rod. The filling rod should be of approximately the same mixture 
as the part to be welded. Brass should never be used as filling 
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material for bronzo castings, and a strong weld expected. Pow- ' 
dered borax or boric acid may be used as a flux. A mixture of 
borax and yi boric acid gives good results. In welding brass or 
bronze the work is carried out as for welding cast iron. The metal 
surrounding the groove is melted and the filling material added, 
drop by drop, as it is melted from the rod. Be sure the metal of 
the casting is in a molten condition, otherwise an imperfect weld 
will result. Brass wields can be easily spoiled by burning the zinc 
out of the composition. Care should be taken not to heat beyond 
the melting point. Flux should be used freely. If the welded 
portion has been burned, it will be exceedingly porous. 

Qeneral Hints. — ^Be sure the welding flame is neutral. Be sure 
the part to be welded is set up properly. A poor set up may spoil 
the best weld for practical use. Proper beat treatment before and^ 
after w-elding is as important as good welding, Avlien intricate cast- 
ings, such as cylinders and crank cases are being repaired. Avoid 
hard spots in cast iron welds by preheating before and annealing 
afterward. Take care in using sufficient heat in welding and do not 
make tho union between castuig and filling material too sharp and 
defined. Do not allow drops of metal to fjill on partially molten 
metal. Use the best grade of filling material. The best are none 
too good when all the expense of the repair may bo lost by a weak 
weld. When preheating aluminum castings for wielding, do not at- 
tempt to heat in one place only. Keep the burner moving to spread 
the heat uniformly. In welding steel be careful that the metal above 
the weld does not weld together and leave a space that is not welded, t 
shaped groove will prevent this. The accompanying illus- 
trations show clearly the apparatus and method of manipulating 
the torch in doing various classes of repair work, also some typical 
automobile parts that can he saved by the welding process and cost 
of accomplishing the work. The photographs of automobile parts 
-were furnished by Henry Cave, of The Welding Company, Spring- 
field, Mass., one of tho leading authorities on this subject. 

Treatment of Steel, Annealing. — ^Many varieties of steel are 
hard when the process of manufacture, especially if rolling or 
hammering is involved, is completed, these being principally tool 
and special metals. In order that they may be worked without 
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too much trouble by ordinary machine tools it is imperative that 
they be soft, and this condition is obtained by a process known as 
annealing. While steel can usually be bought annealed cheaper 
than it can be treated at the factory or shop where it is to be 
machined, sometimes conditions materialize that make it necessary 
to anneal metal to faciilitale work and to reduce stresses upon the 
machine which c()mplct<‘S llie finisliod product. This imo^ess not 
only makes the steel softer, but also removes the internal strains, or 
the tendency of the metal to crack and spring when hardened. 
The strains are caused by the rolling or hammering processes in 
tile steel mill or forge shop. When the metal is a forging or blank 
of nearly finished it is customary to remove part of the sur- 
face by taking several rough cuts, after which the piece is ready 
for annealing. In order to soften steel it is necessary to heat it to 
a uniform red heal and allow it to cool slowdy, which process can 
be carried on by several met hods. 

Box Annealing. — The method commonly followed when the 
pieces arc of large size is known as box annealing, and for this 
treatment it is necessary to nave an iron box and furnace of suffi- 
cient capacity, as it must be obvious that to do this w^ork in a man- 
ner commercially practicable it will be essential to treat a consid- 
erable quantity at the same time. These are i^laced in the contain- 
er and ijacked in w’ood charcoal which has been ground or pounded 
into small pieces. A layer of this material is first placed on the 
bottom of. the box to a depth of an inch, and then follows a layer 
of the steel, then another layer of charcoal, then more steel and 
so on. 

The pieces of metal should not come within a onc-half inch of 
each other or within an inch of the walls of tlie container at any 
point, and the spaces should be filled with charcoal, the metal being 
covered with another layer of packing material about an inch in 
depth. This method of packing is repeated until the box is filled, 
care being taken that all pieces do not touch each other or the 
iron walls. A tight-fitting cover is then applied and the seams are 
sealed, to exclude the direct heat of the furnace, by fire-clay. 
Several test wires are placed througli the top of the box, which 
arc withdrawn from time, to time to see if the contents are of the 
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proper temperature. The heat should be maintained a .sufBcient 
length of time h insure a uniform temperature, and the color of 
the pieces should not be allowed to go over a full red. After the 
bf)x and contents have been maintained at tlie desired temperature 
for the proper bngth of time, the heat is shut olT and the whole 
allowed tg cool slowly, the metal being left in the eontaiiier until 
cold. • 

Two Simple Methods. — Often in shops there are no facilities 
for box annealing and other methods may be used, though the 



Fig. 459. — ^Examples of Heat Treating Furnaces. A — Hnriianin g Fur- 
nace. B — ^Lead Pot Furnace for Tempering. C— Carburizing or 
Case Hardening Muffle 


work is not so uniform as by the treatment previously described. 
In one of these, the metal to be troiit(»d is heated in a or fur- 

nace until a uniform red, and then placed on a piece of boai-d in 
an iron box, the wood revsting upon a lu‘d of ashes several inehes 
deep. A second piece of board is placed on the i)ieees. and the 
whole covered with ashes. The pieces of wood will sinouhh'r aiiJ 
maintain the metal at a hi^h temperatiu'e for some lime. Another 
common method of annealinj^ is to lu'at the pi(‘ces to a red licat ami 
merely hnry them in ashes, whicli is apt to give \insnlisfactory re- 
sults unless the ashes are also heated which can be easily aeeorii- 
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plished by burying a large piece of heated iron in the annealing 
box. When the steel has been siiificicnlly raised in temperature this 
piece of iron is removed and the steel part buried in its i>lace. 
Tlie whole secret of successful annealing is to gradually beat and 
cool the metal to be treated ; and the more gradually and uniformly 
the ternf)eraturc rises and falls, the l)ctler the cl)aracU?r of the 
work. • 

Hardening. — After llie. parts have been machined to the finished 
or nearly finish(‘d size, approved practice is further lieat treatment 
to either toughen or liarden the steel. The amount and character 
of treatment de[)end largely upon the use for which tlie piece is 
intended and the composition of the material. Steel may he hard- 
. died t)y several processes, the most common of wliieh is raising it 
to a low red lieat or dull cherry red and plunging it in some cool- 
ing medium such as water, brine or oil, or by ease hardening, whieli 
merely acts on the surface of the metal. 

Steel should never be heated to a temperature greater than re- 
([uir<‘d 10 give tlie desired result, and the degree varies with the com- 
position of the steel as relates to the carbon content, the size and 
shapi‘ of the piece and the purpose for which it is to be used. Much 
(iopeuds upon heating uniformly ; the edges and eoriicrs should be 
no hotter than the center and the interior sliould be of the same 
temperature as the surface. Tf this jirecaiition is not taken the 
metal may crack in the cooling hath, because uneven changes take 
^ place ill the molecular structure. If heated in an ordinary forge 
l)e sure that no air from the blast strikes it, which wi I prevent uni- 
form healing. When uniformly heated it should be jilunged in a 
bath to give it ])roi)er hardness. It must be worked up and down 
rapidly in the bath to prevent Uie film of steam forming, which 
would surround it if kept in one position and prevent proper con- 
tact with the cooling fluid. If the’ luecc is long and slender it must 
^l)c moved up and down, but if short and with teeth on tlio outer 
edge, as a milling machine cutter it should be agitated rapidly that 
all teeth will be cooled uniformly. If it is flat and has a hole 
tliroiigh it, the walls (d‘ wliieh must bt^ hard, it should bo so moved 
that the liquid of tlie bath passes through the aperture and at the 
■,^same time strikes both faces. Tool steel should always be hardei\ed 
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at a temperature .(about 1350 to 1450 degrees) which leaves a fine 
grain when tlie^ piece is broken, which can be defevmined by hard- 
ening and breaking a small piece from the same bar as the part 
is to be made. A coarse grain denotes a liiglier temperature than 
is pcrniisvsible. An excellent bath for luirdcnirig small pieces is^ 
made by dissolving one pound of citric acid crystals in one gallon 
of w^ter. The container should be tightly closed when not in use 
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Pack Hardening. — Pack liardening is the method cmph>yed 
with pieces that cannot be treated by the ordinary processes with- 
out risk of springing or cracking them. The article is packed ir./ 
an iron box with some carbonaceous material and subjected to the 
action of heat to cause it to absorb enough carbon to enable harden- 
ing in an oil bath. While this treatment is not generally used it is 
suitable for a number of different tools, such as milling cutters and 
taps or dies which must lx; hardened without altering tiu; diameter 
•or pitch. The usual material (MUj)loyed is charnxl leather which 
is mixed with an equal quantity of \vo(k1 charcoal, botJi materials 
being reduced to particdcs about the size of a pea, or smaller. The 
pieces arc plaeixl in a eonlaiiuM' aiul packed in the manner as for 
box annealing, and as is the ease wifli that process it is just as cheap 
to treat a number of i)i(‘ee.s as it is tme, piovidiug the box be of sufli- . 
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L'ioiit capacity. The pit‘Oos should be wired with ordinary iron 
wire of suflieiciit size to sustain the weight of the piece when 
heated, and one end of the wire should be covered with a luting 
of fire clay, Several holes should be drilled in the cover for test 
^ wires. 

The hox is placed in the furnace and heated sufBciently (about 
1650 to 1700 degrees) to charge the parts with carbon, which varies 
with the character of the parts treated. For instance with a piece 
of one-half inch diameter or under the heat is luaiiitained for about 
one and one-half b('urs, while pieces from two to three inches in 
diameter Jinisl h(‘ heat<^d for two and one-half to four hours after 
the parts have Ix'come red hot. \Vheu tlie box lias been maintained 
at the re(piired lemin rature for th(* conxxd ]>eriod, it is removed 
from the furnace and the cover taken off. The i)arts are then re- 
moved by means of wires attached to them and immersed in a bath 
of raw linseed oil. They should be. moved about in the liipiid 
until the red lias disa|)pearcd and arc tlum lowered to the boltom 
and allowed to remain immersed until cold. AVheii a piece of steel 
one in(‘li in diameter or larger is banleiied, it. should be immedi- 
ately rehcate<l o\(u* a fire after eooling, to ])revC‘nt cracking, wliich 
wouhl be eaused by mobH-ular changes which take ])lace after the 
outer surface is hardened and unable to yield to uiUMpial strains. 
Koheating the surfact'. to a tempi'ratun^ of about 212 to 800 degrees. 
Fahrenheit will accomplish the desired result without materially 
softening the sl(*el. 

Tempering. — The hardening of a eiitting tc.'ol makes it too 
brittle to stand up w^ell in u.se, and eoiiseqiuuitly i: is necessary to 
soften it somewhat. Thi.s operalion is kuow’ii as drawing the 
temper and is accomplished after the part has been quenched by 
reheating to a pro]ier temperature, which is ordinarily determined 
by the color on the surface of the tool, which must be brightened 
previous to this operation. As the metal is raiseil in temperature 
a light, delicate straw' color will appear, and then in order, as deep 
straw, light brown, darkiir brown, light purple, dark purple, dark 
blue, light blue, blue tinged with green and black. When black 
appears the temper is gone. These colors furnish a guide to the 
temperjiture and condition of the hardened steel. A table pi’e- 
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sonted herc\Anth gives tlie color aud corresponding temperature* at 
which the various tools mentioned are best quenched. When work 
is tempered in large (piantities Ihe above method is expensive, and 
is not as rtdiable as when the articles are heated in a kettle of oil, 
using a tliei;inometer for indicating the temperature. A piece of 
jau'forated iiK'tal is used to keep ])i(H‘es away from the bottom of 
tlje kettle, though a wire basket will serve the piiriKisc e^en better. 
As soon as tlie parts are raised to llic recpiircd temperature they 
are quouehed to liarden. 

Case Hardening. — When an article of wTouglit iron or low 
earbon ste(d is 1o have a hard surface it is not possible to tr(?at it 
]>y merely queneliing, as thou-e is not enough earbon in tlie ^steel to 
insuj’c prox)er lundeuing. The proeess of Irealing such materials 
is known as ease* hardening aiul consists of covering the surface 
while r(‘d hot willi some material \v}ii(di forms a coating or ease. 
sTcel, w hieli can be hardened by qiienelung, as in previous proces.ses. 
Small parts, sneh as nuts, bolls, «*on(‘s, (*te., may be ease liardem*d 
by heating red liol and covej*ing with a tiiin layer of pow’dcred 
evanid** of imlassiiim, and when this melts, the arlicle is again 
liealed to a r(Ml lieat and plunged in water. While tlio above pro- 
e(*ss is siii1al)le for liar<l(ming a few small pieces it is not recom- 
mended for large quantities of work, as tlu; results would not be uni- 
form and the proeess would be too expensive. If many small pieces 
arc to 1)(' case liardened at tin* same time, they may be treated in 
mncli the same manner as in box annealing. Granulated raw bone, 
and granulated charcoal sliould he mixed in equal, proportions and 
a layer of this mixture placed in an iron hardening 1 ox to the depth 
of one or one and one-half inches. A layer of the articles to be 
treated is then i)Iaee<l in this and these are covered with more ma- 
terial, tlie same care being observed in packing and with regard to 
test pieces as Avilh other processes. After tlie container has been 
sealed it is placed in a hardening furnace and the temperature 
maintained at a point which will keep tlie pieces at a red heat for 
period»s varying with the degree of the surface hardening desired. 
Generally carbon will y)enetrate the surface of wrought iron or soft 
steel ouo-eiglilh inch in 24 hours, but as it is seldom necessary to 
harden any deeper than one-thirty-socond inch, the work may be 
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taken out after four or five liours. With small pieces the eontc^iits 
may he emptied into a tank through wliieh tluTo is a constant circu- 
lation of water. Tf great toughness is required, tiie packing ma- 
terial is sifted uut and the i)ieces immersed iri oil. Large pieces 
must be dix)ped one at a tijue and can b(; wired so that they can 
be removed from the liardening box wluni desired. There has bticri 
great development of late in scientific heat treatment, tliough it is 
not within the province of this treatise to discuss these in detail, 
the processes which have been described being lliose whieh are of 
particular interest to tlie practic.al mechanic or repairman. 

Distinguishing Steel From Iron. — AVhile nitri(‘ acid lias no ef- 
fect upon tlie brightness of iron, it will jiroduce a black sjiot on 
.steel, and the darker the the harder tlie steel. (Jlood steel, when 
ill tlie soft slate, has a curv(3d fracture and a uniform gray luster, 
but in the hard state it is a dull silvery uniform white. Cracks or 
threads denote inferior quality. Good steel will not bear a white 
heat without falling to pieces, and wilt crumble under the liamrner 
at a bright heat, while at a mild red heat it may be drawn out to 
a. point. Iron cannot be hardened as its carbon eontdit is too 
low. 

Hardening Steel Tools. — One of the best, if not the l)cst, com- 
positions for hardening steel tools for cutting iron or wood, or even 
steel, is the following: To one gallon uf common fish or whale oil 
add one pound each of ])ecswHX and resin. When tliis has been 
thoroughly inixfJ by boiling and stirring, beat the st»*el until tin; 
scale rises a little ; tlu'ii immerse in the boiling oil. When cool, lieat 
over a clean fire until cherry red, and immerse in cool oil. Kesin 
hardens steel, wliereas beeswax and tallow toughen it. It* it is 
preftuTfid to itmiper in daylight, clean the steel, polish it, and draw 
to t]\e color desired. 

Temperatures for Tempering.— The following table gives the 
required temperature in Fahrenheit degrees to produce certain 
colors, wlien tempering hardened steel: 

Lathe, shaper and planrr tools: 

430. Very light straw. 

450. Light straw. 
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Heat Treatment of Steel 

Taps, dies and wood turning tools: 

470. Dark straw. 

490. Very dark straw. 

Hatchets, chistls, cl(\: 

r)00. Browriisli yellow. 

o20. Yellow, tinged with purple. 

530. Light piiri)le. 

Springs, ric,: 

iloO. Dark jnjrjde. 
oTO. Daj-k blue. 

Molten Metals Produce Desired Heat. — Tlie following table 
gives the proptu’tioiial parts of load t(> one poniid of tin, which 
w'hon nieltod will have the reqiiirt'd t(‘mp(u*ature to produce certain 
colors on hardened steel, by sinij)le iiniiiersioii: 


TE:MIM-:ilATliUK 


Color 

F. Dcgrccd 

FroportionB 

^'iTV str.'iw 

430 

1% to 1 

Li I'll t Htrav.’ 

450 

to 1 

Dark strnw 

470 

2\i to 1 

^'erv dark straw 

-100 

3V» to 1 

nrowniali vpHow 

500 

4% to 1 

Ijiffht'piirplo 

530 

7% to 1 

Dark purple 

550 

12 tt> 1 

Dark blue 

570 

25 to 1 


Working Steel and Iron. — Steel never should be kej)! hot 
longer than ne(?essary for the work to be done, as if left too long 
in the fire it will lose its steely nature and grain, assuming more 
of the qualities of cast iron. When steel has been subjected to 
lieat not absolutely uniform over the whole mass careful annealing 
should follow. Hot steel always should be put in a perfectly dry 
place of even temperature while cooling. A wet floor might prove 
sufficient to cause serious change. It is hard to make the average 
w’orker in steel believe that very little annealing is necessary, 
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ami that a very .sli}>ht. c'liaiipfc is more effieaeious tliaii a jrri‘al deal. 
Iron healc'<l and smldcmly eoided in waler is hanicnied to some 
(‘xio’ni ami tln‘ breakinj^ strain, if »^raduallv api)lii'd, is ii!< -n'as.Ml, 
hot it is more likely to snap sml(l<*»ily. 11' lu'Mled aiul allow rd 
1(» iM>ol gradually it is softmunj and its hreakivi^* strain is red.neod. 
jr hroujiijt to a white heat iron is injured it it is not at the same 



Fig. 460. — ^How to Remove Dents from Sheet Metal Objects and 
Methods of Bending Steel Tubing and Pipe. 


time lianiiTiered and rolled. Ca.se liardeninf^ holts weakens them 
to some extent. 

Annealing Cast Iron. — To anneal cast iron lieat it in a slow 
charcoal fire to a dull red, cover it with about two inches of fine 
charcoal and spread over all a layer of ashes. It should be left 
until cold. Hard or chilled cast iron can he softened sufBci<?iitly 
in thi.s iiiaiincr to be filed or drilled. 

Bending Pipe and Tubing. — Tubing is widely used in the con- 
struction of the automobile and its parts, and the repairman may 
sometimes desire to make a bend to I'cplace a defective component, 
such as a water or gas inlet or exhaust pipe, which ha.s become 
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biittoH'd and drilled* Tuliiii'i: is iiiadr of many jnatrrials, copper, 
I'rass and sterl Ix'insi;' tlie most eomnion, II may be eitlier liard or 
jinn(‘aled, depending upon tln^ use for wliicb it is intendi'd. The 
anneal or 1eiup«‘r of vseandess tubing is very important and slundd 
br carcrully ooiisidered la-fon* iK-ndiiiij:. .MI sc'amless tubes, rei^ard- 
less of llie nielal of wliieli Ibey are made, afier heiiifJCrf'old drawn 
are very hard and inclined to lie britth*, and have to l)i» JTnmsih*d 
1o .suit different I'etpiiicmienls. Tubing is iinmislu'd in Uirt'i^ dillVr- 
(Mil lempers — hard, medium ami soft. The hard teinpenal is used 
wlimv ^'veat stnm^th, rigidity and stitVness are re<|\iin‘d and where 
the tubes arc not to be manipulated in any way that would change 
llieir form. The nuuliuin temjier is used where strength and tough- 
ntss are needed and \\here only sliglit or medium ehangt^ of form 
is required. The soft is used where the tubes must he manipulated 
and where sneli deeided ehauge of form is recpiinal tliat it demands 
ductile and pliable material. 

A man not a meeliauieai expert is not expected to know the 
difl'ercut grades of tuhing, and in ])roeuring this iirodnet the niis- 
tak(‘ is often made of buying tubing 'whicli is not suitable. A file 
will tell the mecbaTiie. of the degree of Jiardness and proper alhnv- 
ances are made when it is desired to make bends. Many tubes of 
different make are linislied so nearly alike that it is difficult to 
determine just what wdll he the most suitable. The thinner the wall 
of the tube the more care will be necM'ssary to make a good bend as 
thin-walled tuhing is monj liable to collapse than that tvith tliieker 
walls. If a piece of hard tuhing is bent without first annealing, 
it will break soft, as at A, Fig. 400. A piece of thin-w’alled tubing 
will collapse as at B. Some tube with a moderately thick wall 
can be bent without heating or filling though most now used in the 
aj’ts should b(* filled before l)ending. If the interior is made solid 
or nearly so with some substance it can he bent to a curve of very 
small radius without damage to the wall, providing the tubing is 
properly heated and is of the i-ight temper. Such a bend is showm 
at C. AVith a solid filling it is possible to manipulate the tube as 
desir(‘d, l?ut it is not a good idea to use cither a vise or WTonch, or 
hammer and anvil for bending as the walls of the tube will suffer 
and the appearance of the joint be unsatisfactory at least. 
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Filling the Tubing. — In securing a good bend special care must 
be taken of tiio material or filling to be used as a support for the 
inner wall while bending. One way of filling or packing a pipe or 
tube for bending consists of pouring into the internal bore a molten 
substance, sueli as resin for brass and copper pipes, or a soft, low-- 
melting point lead alloy in steel tubing. The thinner the wall the 
more cvirefully must the bending be done, and the heavier the 
material used for a core. The method of filling is very simple, 
a funnel is inserted in the tube and the molten material jioured in 
and allowed to cool. This may be removed after the bond is made 
by heating the lube, wdiich causes the substance to melt and it may 
b(i run out. A tube may ()e packed with clay or putty, though 
these substances are hard to remove from the interior after the 
bend is made. For hot l)eiiding the tube may be })lugged up and 
packed with sand, which is easily removed. If the entire l(?ngth 
of the tube is to be bent around the arc of a circle the core may be 
a soft iron rod, which can bo removed wdih ease after the operation 
is coinidete as it has taken tlie same degree of ciirvjiiure as the tube. 
This also permits of liot bending. Tlie 1ul)e is inserted in the hole 
of a bending block or when in a fixture may be bent back over the 
wheel, and curves of any radius may I'o obtained by using larger 
or smaller wheels. The device is ofb'n made so that it can be 
clamped in a vise, though where nuicli work of this cliaracter is 
done it is fastened securely to the bench. For the motorist who 
makes his owm i'epairs or the experimenter the block shown is sufii 
cient, as good work may be done with even sueJi a siin])le appliance 
if proper eart^ is taken in filling the tube before bemding. 

The pipe liending fixture shown at Fig. 461 was illustrated iij 
the Iloi*sel(‘ss Age and is a v(»ry simple one to build, requiring only 
materials and tools found in almost all garages for its fabrication. 
^ With this device it is not ahsolutcdy necessary to fill thi^ pipe w’ith 
sand, resin or other material. The description will enable one to 
make such an apparatus. At A is shown a. cast iron base about 
tw-o feet square and two inches wide, cored out underneath so as 
to make it lighter. At B is a groov(?d w4ieel which is removable 
so that it may be replaced w-itli similar wheels of different diameters 
for difl'erent sized bends. For instance, if the pipe is to be bent to 
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a 4-iiich radius, a wheel 8 inches in diameter will be required. The 
wheel has a groove turned in its outer edge just a*trifle larger than 
the pipe to be bent. It is made so that it will slip ofE and on the 
stud G easily. This stud is made of steel and is riveted to the 
base A, as shown. A follower wheel C is attached to the handle D 
and this is used for any bend for a given size of pipe. It will be 



Fig. 4'61. — Simple Fixture for Bending Tubing Without Damaging 

the Walls. 


noticed that the lever D has a series of holes, tliesc being so spaced 
that when a different sized w'heel replaces B, the 'wheel C can be 
moved out toward the end of the lever, keeping the center of the 
pipe N betw’ccn the two grooves. The wheel C is held in place by a 
shoulder stud E and locked with a nut F. Since tlie base A has 
the boss finished oft' for the larger 'w^heel to turn upon, the head of 
the stud E wdll clear the base when tlie lever arm is swung around. 
The stud G has a shoulder or groove cut around it, as shown in 
the sectional view. This is done to allow a tapered pin II to lock 
the arm D in place. The lever is milled out at the end, as shown 
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iu the plan view, and a hole is drilled through both sides to take 

the tapered whidi is plaecd so that it will lock the lever on the 
stud and yet allow it to turn freely. .At_J is sliown a block rna- 
ehined out of reetanj^ular stock with a round end turned on it so 
that it may he inserted in the base, A. A hole is drilled in this 
piece just a trifle larger than th(‘ pipe and a slot saw'ed through the 
hole. Theif another hole is drilled at the tojj for a clamping bolt 
K to hofd th(* pipe iu place. 'I'he apparatus is now ready for use. 

To bend a pipe of the size for which the block J and the w^heels 
R and C have been made, turn the lever back 90 degrees from the 
position shown in the illustration. Then insert the pipe between 
the grooved wheels and clamp the end in the block J. Then pull 
the lever around to the position shown for a 90-degree bend and 
another 90 degrees for a return bend.. The holes for the stud J 
are drilled iu the base A on a line with the cimters of the two 
grooved wheels, and these holes can be drilled in all four sides of 
the base. It is best, of course, to set up the apparatus and bend 
all of one size pipe and one radius at one time. After making a 
bend, the pin II is removed, which allows the lever to be pulled 
forward, carrying with it the wheel C. This leaves the pipe free 
to be removed after being uiiclamped from the block J. Sometimes 
a piece of pipe is encountered which is so hard that it cannot 
be bent easily. In this case the lever may be lengthened by slip- 
ping a length of gas pipe or other tubing over the outer end, 
giving a much greater leverage and particularly'' stubborn pieces 
of pipe or tube may be bent by heating several times if necessary. 

Straightening Out Bent Fenders. — When the fenders become 
bent the usual practice is to remove them and take them to a tin- 
smith for repairs. This involves considerable trouble and delay. 
The average fender may be straightened out by taking a block of 
wood or a strip of metal and placing it on the damaged part as out- 
lined at Fig. 4(i0, G. A clamp is thrm attached and when screwed 
up the kink in the metal will be eliminated. WHiile some of the 
paint will crack, the fender will present a much better appearance 
than if it were straightened by'^ hammering. 

Removing Dents in Tanks, Etc. — The following methods of 
taking out dents in hollow metal containers may prove of service 
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to repairmen as well as motorists in general. If tlie side of the 

fm*l tank, for example, is indented, a loop can be^mado in a piece 
of stout brass wire, or a piece of bright steel rod, which is bent at 
right angles and soldered to tlie lowest part of the dented metal, 
as at II, Fig. 400. A larger loop is then made hi the other end of 
tlie wire and with tlie aid of a small pineli bar and a l)lock of wood 
to act as a fulcrum for the Icvcm*, the deritotl surface caft be easily 
pulled flush with tin' surface of the tank. The base of the wooden 
block should be of suflicient area to prevent the sid(' of the container 
becoming indented by it because of tlie pr(‘ssiire brought to bear 
with the h'ver or bar. Dents in headlights and depressions in the 
surfaces of horns, small tanks, gas generators, etc., can be taken 
out in a similar manner (»xcept that in place of the bar a stout 
cord should be attached to the wire loop and its free end fastened 
to a vise or otli(‘r convenient anchorage. Fig. 400, I, shows method 
of repairing a tank, while J shows a sketch of a horn under treat- 
ment. The latter is grasped in the hands and a few gentle pulls 
will rcinovo the dent. Obviously any other small metallic article 
can be repaired in the same way. The wire loop in all instances 
can be easily applied or removed with a blow torch or soldering 
iron. 

No doubt more elaborate methods can be resorted to by those 
skilled in sheet metal working, but the writer believes that the 
above method is as simple as any for a piece of wire can be easily 
bent, to apy shape to suit the requirements of tlie job under con- 
sideration. No tools of great value are necessary, and such as are 
used — viz.: a length of wire and soldering iron — ( -m be found in 
almost any liouse, and the process presented can be used to ad- 
vantage with any gauge of metal generally employed in the con- 
struction of the various small articles wliieh the motorist would 
attempt to repair himself. 

Soldering and Brazing Processes. — Solder must bo used on cer- 
tain parts of an automobile, notably the radiator, the tanks and the 
lamj)S, (l(-spite the fact that such consi ruction when subjected to 
stress or vibration, is not consi(iered best. It is of considerable im- 
portance that permanent work be accomplislied and in reaching 
this result it is necessary to bear in mind certain fundamental prin- 
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ciplcs relative to the use of solder in all classes of 'work. First the 
metal surfaces to he joined must be clean. This means in the most 
rigid sense. Wiping or cleaning -with acid or gasoline is not suffi- 
cient. The metal must be clean, chemically, as well as free fro)u 
any oxide. The best method is to use sandpaper or file the surfaces 
just before soldering. The surfaces must be hot — as well as the 
solder itse'if. The solder must be melted to tlow with perfect frec- 



Fig. 462. — ^Furnace Used for Heating Soldering Coppers at A and 
^ElILcient Brazing Forge at B. 


dom, otherwise it will not enter the pores of the surface to be 
joined. The solder must not be so hot it will burn, however. A 
solder bath or a soldering iron never should get red hot. It is not 
difficult to do a good job if the iron is large enough. 

Time must be allowed for the heat to flow from the copper to 
the work. To prevent the solder running away the work should be 
held with the seam Iiorizontal. Tt is impossible to hurry work of 
this kind, except by changing irons to keep the work hot. Most 
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botches are due eillit*r to imperfect cleaning: or to Jtlie working be- 
ing hurried throiigJi b(‘forc it has hovn lieated ]>roperly. The 
strength of solder is small; and its elastic limit far below its ten- 
sile strengtli. The area of tlie .ioint must be large. Two strips 
overlapping by a nari’ow margin are lu^t as strong as with a wide 
overlap. With a lap sufficiently wide it is (piito possible to make a 
joint stronger than any oilier part of the piece, not forgetting*, how- 
ever that a soldered ji)iiit never should he subjected to liending or 
other stresses wliich focalize tlie strain endured by the solder. The 
choice of Hiix naturally will depend upon the work. The object 
of the flux is to iireserve the chemical cleanliness of the metal while 
it is being healed and before the solder adhen^s. Sav<* for the flux 
the hot metal would oxidize slightly on the surface and the solder 
could not unite with it. 

If it is d(*sired to solder two pieces wliicli have some thickness 
and hulk a good piece of work cannot he done witli a soldering iron, 
because the parts will absorb heat faster than the iron can supply 
it. With such work a torch must be used for sweating, heating 
thoroughly the parts adjacent to the intended joint and as far back 
as may be n<?cessary. If the surfaces are more than onc-eiglith to 
one-quarter inch wide it is better to tin them before uniting. This 
is done by spreading a smooth coat of solder over the entire sur- 
face while hot. It is only necessary to press two such prepared 
pieces together and h(?at them to the proper temperature to make 
^ a perfect union. Much time is saved in sweating operations, par- 
ticularly in manufacturing, hy dipping the work iito a bath of 
molten solder. The hot solder supplies the necessary heat and the 
whole job is practically instantaneous. Great care is necessary to. 
keep the hath af^proper temperature. If it is too cold the wwk will 
not hold, and if it is too hot the solder will be burned and its use- 
fulness gone. The aecompanying tables will be found useftil, one 
^ giving the fluxes that are best used with various materials, while 
the other giv('s the composition of soldei’s and spelters found sat- 
isfactory for general apj)lieation. The more tin there is in a solder, 
the stronger it is, but it is harder to melt than those liaviiig lead as 
a predominating eleiTumt. In the ease of spelter increasing the 
^proportion of copper increases the strength: 
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Fluxes for Soldering, 


Iron or steel Borax or sal-ainnioniae 

Tinned iron iResiii or chloride of zinc 

(dipper 1t> iron Resin 

Iron or zinc Cliloride of zinc 

(lalvanized iron Mutton tallow or resin 

CoppvV or brass Sal-ammoniac or chloride of zinc 

Lead Mutton tallow 

Block tin Resin or sweet oil 


SOLDERS AND SPELTER FOR DIFFERENT PURPOSES 


Solder for 

Silver 

Tin 

Lead 

Zinc 

Copper 

Gold 

B>-a6a 

Electricians 


1 

1 





Gold 

2 




i 

24 

• 

Platinum . 

3 




1 



Plumbers', hard 


2 

i 





Plumbers\ soft 


1 

3 





Silver, hard 

4 




i 



Silver, soft 

2 




. 


i 

Tin, hard 


2 

i 





Tin, soft ; 


1 

1 





Spelter for fine brass 

i 



8 

8 



Common brass 

• 



1 

•1 



Cast iron 




3 

4 



Steel 



. j 

1 

3 



Wrougrht iron 

Parts by weight 

1 



1 

2 


1 

1 


Lead Burning. — Lead burning consists in melting the metals 
and causing the parts to flow together and become joined without^ 
the aid of solder. It requires considerably more^ skill than any 
other form of brazing or soldering, A long step toward success 
may be taken by the i)roper arrangement of the work. It is iisiial 
to provide something which may serve as a mold or guide for the 
melted metal. For example, if twH) lead sheets are to bo united by 
soldering, they are laid on a sheet of some non -heat-conducting 
substance, such as bric'k or asbestos. The Avork in the immediate 
neighborhood of the joint is carefully scraped so as to remove all 
oxide or scale which would lend to ])ind the melted lead and pre- 
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Fig« 463. — Forms of Soldering Coppers and How to Tin Them. 


vent it from flowing freely. Tlie metal at tlie si am is heated b}" 
a very hot bit or the flame from a blowpipe so that there is a uni- 
form flow of lead across the seam. It is sometimes necessary to 
add more lend' to the seam by melting a strip held in the hand* 
flame of some sort is tlio most satisfactory source of heat for the 
average lead burning job, because not only is the heat more uni- 
form, but also more intense, and the lead inells at tlie desired point 
before the surrounding metal becomes suffieiemtiy hot to soften. 
There are several types of blowpipe for this juirpose on the market. 
Some employ an alcoliol flame, wdiile others make use of mixed 
hydrogen and air. The flame is usually small, sharp-pointed, and 
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very inteuse. Lead burning is absolutely necessary, and is insisted 
upon in certain classes of work for instance, in lining tanks with 
lead for chemical solutions, or for joining the grids and lugs of 
storage batteries. 

Soldering Aluminum. — Many coinponenls of the modern motor 
car are njadc of aluminum and in making repairs, if these be broken 
or cracked, this nuital is extremely difficult to solder. While many 
attempts have been made to solder aluminum in the ordinary way, 
and even with special fluxes and solders, but little success is ob- 
tained unless the conditions obtaining are fully appreciated. Alu- 
minum is very light and melts at comparatively low temperatures, 
and because of its rapid oxidization it is necessary to take great care 
to secure bright metal to which the solder will adlicre. The alloys 
with which the motorist has to deal vary in proportion of alloying 
elements, depending upon the use for wdiich the metal is intended 
the substance commonly used in combination being zinc, copper, 
lin, manganese, magnesium and sometimes a trace of iron. The 
larger proportion of ahy alloy is aluminum, and on tlie whole the 
soldering problem will be about the same in all cases. As must be 
obvious because of its low melting poijit, aluminum will not stand 
prolonged heating, a condition that may be disregarded in the case 
of most of the other metals amenable to soldering and brazing pro- 
cesses. Then again, when the critical point is reached in the heat- 
ing, aluminum suddenly “ wilts and every precaution must be ob- 
served to prevent the metal becoming too hot. The following table 
will show the relative molting points of the common metals: 

Melting Point of Metal, 

Desrreefl 

Fahrenheit 


Tin 445 

Lead 620 

Zinc 780 

Alnminnm 1160 

Bronze 1690 

Silver 1730 

Gold 1900 

Copper 1930 
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• DctKreea 
Fahrenheit 

Cast iron ’ 2000 

Sted 2400 

Wrought iron .3000 

natirium 3230 


From the foregoing it will be evident tliat the metals of wliidi 
the average solders are composed luive melling points blit little 
lower than that of ahnninum, and careful iiiiinijinlation will be 
necessary to insure heating the metal siiffndenliy to melt the 
solder, and at the? same time not weaken the aluminum or cause it 
to flow. To successfully solder aluminum demands considerable 
preparation and careful mani])ijlation, and authorities differ as to 
the best methods and solders to use. All agree that the metal must 
be dry and absolut<'ly clean, and while this is easily said and ad- 
vised it is diffieult of accomplishment. If one cleans aliimiimm 
in ordinary temperatures, no matter how carefully, and obtains ii 
briglit surface, it is impossible to retain this as new oxide forms- 
on its surface as soon as brightened. For this reason, some skilled 
in the arts reeommeiKl iniiiiersiiig the parts to be soldered in a 
strong solution of hydrosulpliate of soda for several hours before 
joining them. The best solder to be ust?d depends to a certain ex- 
tent upon the alloy of aluminum, the same as with other metals. 
One that has been used with good success is made as follow's: Ten 
l)arts each by weight of tin, cadmium and zinc and one part of lead 
all of wdiich are melted together. 

Dampness or salt air are the bane of the process of aluminum 
soldering and tlie rapid oxidization makes ‘‘tinning*' which is of 
such benefit in uniting other metals, practically impossible. As 
moisture will hasten oxidization, the safest method of proceeding 
will include the drying of the surfaces, assuming that these have 
been properly prepared, as well as the solder, in an oven or other 
suitable container at a high enough temperature to thoroughly heat 
all parts, but lower than that required to melt the solder. When 
the parts are thoroughly dry, the next thing to do is to scratch' 
the surfaces vigorously with a metal brush, bringing out the un- 
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tariiijshi?(l metal, find I’cinoving all traces of oxide. .Tlie next stei) 
is tile heating of the alurniniiiTi parts nearly to llio meltiiif? point 
of tlie sold(‘r, and after applying llie alloy to the surfaces, brush 
it Into intiinate relation with the surfaces, nsinj^ tin; metal brush. 
Tf the solder does not adhere there is still some oxide on the .sur- 
face, and Jho ojieration of cleaning should be rei)ejded. When the 
KSurfacAM-; to be joined are properly coated wiWi solder, the rnh's 
'whieh govern ordinary soldering M'ork will fipidy, it being merely 
uee(‘S.sfiry to heat the .siirfaees, melt the sohhu* and join the siirfaees. 
bhtlier a bnnsea burner or blow toreh can be usi^d to heat the metal, 
and the important points to rememher are tluit the work must he 
done quickly and that tlie surfaces to ho joined he as clean and 
<lry as possible, and as free from aluminnm oxide as conditions 
will permit. 

If the surface is of such a .shape that it cannot ho readily cleaned 
by scraping, it can be cleaned by dipping it into a solution of 
nitric acid in three times its bulk of liot water containing about 3 
per cent, of commercial hydrofluoric acid. This caus(»s a slight ac- 
tion on tlie surface of the metal as showni hy bubbles. Kinse the 
metal after removing from the acid bath and dry in hot sawnlust. 
There are various compounds ori the market for s^ildering alu- 
minum, but this operation depends more on the workman than on 
the solder and unless considerable experience has been had it is 
probably better to purchase solder than attemjit making it. Zinc 
can be used but does not form a very strong joint. Tin can also 
bo used, is inoi*e nearly tlie color of aluminum, is stronger than zinc, 
but is very difficult to work, A small proportion of phosphor tin 
added to pure tin makes it work more readily and is the basis of 
most aluminum solders. The chief diiliculty in soldering aluminum 
is that the heat is dissipated so rapidly that it cools the soldering 
iron and furthermore alumiiium oxidizes instantly upon exposure 
to the air. This extremely thin film effectually prevents a perfect 
union being made. If the parts are w'^ell heated and melted solder 
kept hot w^hile the iron is allowed to stand on it, the surface can 
be scraped beneath the melted solder by the point of tlie soldering 
iron, thus preventing to a certain extent the oxidization. In this 
WMy the metal can be tinned. When both parts are brought to- 
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j>vtlicr aiid are \.vll liiine»l, they can bo united with some elianee 
<jP snoeess, nitrate* of .silver, resin, or zirie cliJori(k> beingf n.sed a.s 
a. flux. A soldering: tool of nickel irives more satisfactory results 
than a co])i)er one as llio latter alloys \vith tlie. tin and soon be- 
eoiues roiJg:U. 

Aiiolber authority advises as follows: TmSc zinc and Venetian 
liirpenlim^ for soldering? small surfaces. Plaeo the solder yn the 
metal and heat very jreiitly with a blowpipe unlil iMilirely melted. 
Another is to clean the surfaces by scraping and coveriuf^ with a 
layer of paj-alTine wax as a flux then coating the surfaces by fusion, 
nsiiig: a layer of alloy of zinc, tin and lead, pnd’erably in the fol 
lowiiij^ pn)])ortions: Zinc, five parts; tin, two i)arts; and lead one 
[>arl. Metallic surfaces thus prepar(‘d can be sohhu'ed by means 
of zinc or cadmium, or allo^KS of aliimiimin with these metals. 
T wen ty-ei gilt ounces of block tin, three and one-ludf ounces of lead. 
M‘ven ounces of sprdter, ajid fourteen oiinees of phosphor tin, con- 
taining 10 per cent, of phospliorus, will make a good aluminum 
solder. Clean off all dirt and grease with benzine, api)ly the solder 
with a coj)per bit, and when the molten solder covers the metal, 
serai eh througli the solder with a wire scratch brush. A good soldcT 
for low grade work is comy)oseJ tif tin, 95 parts, and bismuth, five 
parts. A good flux in all cases is eitlier stearin, vaseline, paraffine, 
copaiva balsam or benzine. Small tools made of aluminum or nickel 
should be msed in the operation of soldering. These facilitate at 
the same time the fusion of the solder and its adhesion to the 

•1 previously prepared surfaces. Ooj)per or brass t')ols should he 
avoided as they would form colored alloys with the duminum and 
the solder. To sweat aluminum to otJier metals, first coat the alu- 
minum surface with a layer of zinc, on top of wliich is melted a 
layer of alloy of one part aluminum to two and one-half i)arts of 
zintl The surfaces arc then placed together and lieated until the 
alloy between them is licpiefied. 

^ How to Braze Steel and Iron. — As with soldering, it is impor- 
tant in brazing to clean the work thoroughly. Sand blasting is 
an ideal method of cleaning for brazing, although the work may 
be done with a file and emery cloth. The sand blast not only cleans 
the metal of all scale, but penetrates the pores, leaving it in condi- 
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tion to receive and hold the brass. It also costs less than tlie hand 
method. There, are several compounds in the market that will make 
a better flux than borax, burnt and j?round fine, but if wanted for 
a quick job, mix borax with wood alcohol, or, bettor still, ‘‘Colum- 
bian Spirits.” Clean water is nearly as good. Mix to a thin paste 
and apply with a thin brush, so as to wet thoroughly every part ‘ 
of the jouit. The flux is held in jdace by painting the joint wdth a 
mixture of machine oil and black lead. The joint should be pinne<l 
to hold it in place while being brazed. Kiui a No. 29 diill through 
the job and hold in place with an oightponny wire nail. The fire 
should be clean, whether of gas, coal or oil. The gas fire is best, 
though it costs more. Put the heat (»n the licavy part of the work 
first, so as to bring it \\\) nearly to the brazing point. When the 
heat is put onto the joint the heavy i)art will absorb it and cool off 
the part to be brazed. Bring it up slowly to a briglit yellow heat, 
and as the spelter and flux begin to melt, dip the brazing wire in 
the brazing compound and apply to tlie joinl. Before dipping the 
wire, however, it should be held in the flame so as to heat it as near 
as possible to the melting jioint and yet not m(*lt it. As the flux 
and spelter melt tinm the work so it will run to all i)arts of the 
joint, aiid while still turning remove It from the fii’e and keep it in 
motion until it sets. If it is a large job, turn off the heat and let 
the blast strike the work and cool it. 

Nothing equals the sand blast for cleaning work after it is 
finished. Tlie next best method is pickling in a weak solution of 
sulphuric acid and water, about one quart of acid to a barrel of ; 
water. The old- Cash ioJiod mclbod of dii)ping the work in a‘ pail 
of soapsuds is 7iot recommended . Almost any broken joint in cast 
iron can be brazed, and if properly done it will be stronger than be- 
fore breaking. To make a good job first heat the work to a dull 
red, taking the dirt and grease out of the pores of the metal. Next 
clean the work with a sand blast or with a wire brush, after which 
apply the flux. Fasten the broken parts firmly together, place in^ 
the fire and bring up to a bright yellow heat, in fact almost to the 
melting point, and apply the brazing compound. Shut off the gas 
and allow it to cool without moving. Brazing is possible even if 
the pieces arc of irregular form though large work should be pro- 
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heated before brazing as described in speaking of the autogenous 
welding process. 

Simple Methods of Testing Lubricating Oils. — To hnd if an 

oil contains certain solid impurities, add kerosene to half a cup of 
^thc oil until the mixture becomes quite thin. This thin fluid is now 
passed through filter paper or ordinary colorless blotting paper. 
As soon as all of the, thinned oil has passeil through, the blofting 
or filter paptT is washed with kerosene. The residue that remains, 
if there is any, will. sIioav whether the oil contains any solid im- 
purities. Iinx)urities of this kind may also be determined in a 
coarse W'ay by snu'aring a i)ieee of common correspondence or pad 
paper with the suspected oil and holding it against the light. If 
^the oil is free from solid impurities the blot of oil will be equally 
transparent everywhere. If not, the solid i>articlcs of sediment will 
be plainly visible. 

To test whetlujr an oil becomes resinous or not, it must be poured 
in a shallow dish, and it is then to be left for about a week in some 
warm place. If at the end of this period there is not the slightest 
evidence of a crust you may consider the lubricant to be all right. 
'Phese oils may also he tested by mixing them with nitric acid. If 
the oil is pure, a liiiek mass will form in a few^ hours. Oils that 
resinily do not thus clot, but remain very thin. 

Among oilier iiiipiirities in oils are to be found injurious acids. 
When acids occur in lubricating oils they destroy the parts of ma- 
chines and other api)aratus that they lubricate nmch more quickly 
*^han should be tl\e case. A test for such impurities is found in 
mixing the lubricating oils with copper oxide or coj* )er ash. These 
are added to the oil in a glass container. When, if the oij is free 
from acid, it retains its original color. If acids arc present their 
action on the copper makes the color greenish or bluish. This test 
may’also be made by dropping the oil on a sheet of copper or brass. 
Here it should be left for a week, when at the end of that time if 
■*acid is present, a greenish discoloration will be seen on the metal. 
Almost any of the chemical test for acid as with colored solutions 
and litmus paper will indicate the occurrence of acid. Litmus 
paper turns pink in the presence of acid. In its absence a blue 
color will be apparent. 
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To compare tlie lubricating values of several oils a few drt^ps 
TTinst be plaoocj on a smooth, slightly inclined metal or glass sheet. 
The better and the gn»asier the oil the farther will a drop of it 
travel in any given time you determine upon. 

Evils of Exhausting in Closed Shop. — With the coming of cold ^ 
weather adjustments to motors are oflen made in tlic garage or 
ti'sting shop proper, instead of outside, as is the ease when w(?ather 
conditions are mild. Many of the garag(‘s ai-e insufliciently heated, 
and of course all doors and windows are k(*pt closed in order to 
retain what lieat there is present. When such is the ease, care must 
1)0 taken that llie motors be run very litth: unle.ss the windows and 
<loors an* 0})ened to ])rovi(le ff)r ventilation. The oxliaiist gas is 
V(‘ry poisonous and eases an* km)wji where workmen have narrowly 
escaped asphyxiation, when runinug motors eontinuously in the*^ 
shop and exhaiiMliiig directly into the room. If it is Jiecessary to 
run a motor eontinuously and conditions are such lliat windows 
or doors cannot be opened for veiitiiatioii, it will be found desir- 
able to lead the exhaust gas from the room l>y atiachiug a piece of 
heavy rubber Jiose fi*om the discharge pipe of the muffler to a win- 
dow, wiiich need be open but a trifle, to alhnv the end of the rubber 
hose to liaiig out ijito the air. Such a simple pn^caiition will save 
many a severe sick lieadaclie or something more serious. Where 
the hose goes on the exliaust pipe it must be lined with asbestos, to 
prevent the heat of tlie ]»ipe decomposing or burning the liose. 
Owing to the free flow provided for the gas, the hose wdll not be- 
come unduly heated at other parts. 

The exhaust gases from a gasoline engine are composed of nitro- 
gen, a little free oxygen, hydrocarbon, hydrogen, carbon monoxide 
and carbon dioxide, the last two being considered dangerous. The 
presence of carbon dioxide, as a product of combustion of the gaso- 
line was recognized as an objection from the beginning of the use 
of these machines, but attention was called to the fact that the 
amount produced w^as relatively small compared to other sources# 
of this gas, and it was not likely to be made in dangerous quanti- 
ties, The effect of carbon dioxide, except in relatively large per- 
centages, is confined to reducing the oxygen content of the air that 
is breathed. The presence of carbon monoxide In the exhaust gases 


r 
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in injurious quantitios was loss apparent, bii.t it appears from what 
is now known tliat this is the limiting factor in the use of engines 
exhausting into poorly ventilated places. The presence of carbon 
monoxide in the air in relativel}' small quantities has been shown 
to have a marked effect upon tlic blood, produeijig sickness, and if 
inhaled in sufficient quantity, death. After careful inquiry, the 
)K*st that can b(‘ stated at this time is that without injury to health, 
no more than 0.1% of carbon monoxide can he breathed and that 
for a short and infrcfiuent intervals. It is probable that one-half 
of this percentage could be allowed for a considerable period of 
time without noticeable effect. The per cent, of carbon monoxide 
in tJie garage air depends upon the amount juade by the engines 
running and on the (piantity of air with which it is mixed. It will 
be necessary 1o ])rovule veiililation for ihe worst combination of 
gases wliich such eugines can make under unskillful handling, or 
else to become inforim*(l as to the actual amount of carbon Jiionoxide 
pi'odueed and provide air accordingly. 

It is not suffiei(‘nt to consider the avcu’age amount produced as 
(listribuled ov<'r tlie whole tiim; of runuiug sueli a maehiiic. The 
total quantity of gasoline burned in any one day may have i)ro- 
duced but a siiinll quantity of carbon monoxide, but if this has 
beeii confined to a relatively short period during bad carburetor 
adjustment, and in some poorly ventilated space, the momentary 
percentage may be very high and the consequence may be fatal. It 
is evident that to be entirely safe the ventilation must bo sufficient 
to keep the percentage of carbon monoxide below the assigned limit 
when the engine is producing the maximum quaiitity jmssible. If 
the maximum quantity is provided for by proper ventilation, the 
chance of injury to health may be considered to be remote. Cer- 
tain peculiarities of gasoline engines cause the percentage of car- 
bon monoxide generated to vary between rather wdde limits, but 
the maximum is fairly constant. No other constituent of the ex- 
haust gases varies so much or so rapidly with slight changes of ad- 
justment ai^ docs the carbon monoxide. Conveying the exhaust gas 
to the outer air is the simplest and most positive remedy for dis- 
posal of this deadly gas. 

Instructions for Repairing Storage Battery. — In repairing a. 
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Willard storage battery a definite routine must be followed in tear- 

ing down and buiidiiig np same in order that it will be in the best 

condition when re-assembled. These stops are as follow^s: 

First: Remove all vent plugs and washers. 

Second : Centerpuneli both top connectors in each cell which 
is to b(3 repaired ; then drill J^-inch into top connector, with a 54- 
inch dianiefer drill. Now pull off top connector with 'pair of pliers. 

Third : Apply gas fianie or blowtorch flame to the top of the 
battery long enough to soften the sealing compound under the to]) 
cover. Now, with heated putty knife, plow out the sealing com- 
pound around the edge of top cover. 

Fourth : Insert a putty knife, or any other thin, broad pointed 
tool, heated in flame, along underside of top cover, separating it 
from the sealing compound. Then with ])utty knife, pry the top 
cover up the sides and off of the terminal posts. 

Fifth: Then, with healed putty knife, remove all sealing com- 
pound from inner cover. 

Sixth : Now play the flame onto the inner cover until it becomes 
soft and ])liable; then take hold of both terminal posts of one cell, 
and remove the elements from the jar, slowly; then lift the inner 
cover from the terminal pijsts. 

Seventh : Now separate positive and negative elements, by pull- 
ing them apart sid(?wnys. Destroy old separators. 

Eighth: To remove a leaky jar, first empty the electrolyte from 
the jar, and then play the flame on the inside of the jar until the 
compound surrounding it is soft and phistic; then with the aid of 
two pairs of pliers, remove it from the crate, slowly, lifting evenly. 

Ninth: To put in a now jar, in place of the leaky one, heat it 
thoroughly, in a pail of hot water, and force in gently. 

Tenth: In re-asscmbling the battery, first assemble the positive 
aod negative elements, pushing Ihcni together sideways; then turii 
them on the sirlc and with both hold downs in place, insert new' 
separators, being very careful to have the grooved side of the 
separators next to each side of each positive plate. Also be care- 
ful to have the separators extend beyond the plates on each side, 
so there will be no chance of the plates short-circuiting. Now press 
all separators np against hold downs. 
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Eleventh; Heat up inner cover >villi flame; then place same on 
terminal posts; then take hold of both termiiiaJ posts and slowly 
lower the elements into the jar 

Twelfth : Now, with expansion chamber in place on the inner 
cover, pour the medtod sealing compound on to the inner cover, 



Fig. 464. — Diagram Showing Construction of Points to be Beached in 
Bebuilding or Tearing Down Willard Storage Battery. 


until it reaches the level of the hole in the top of the expansion 
chamber, — i,c, so that wdien the top cover is replaced, it will squeeze 
the sealing compound off the top of the expansion chambers. 

Thirteenth; ^^ow 'soften top cover with flame » and replace on 
terminal posts until it rests on top of expansion chamber; then 
place a weight on top cover until scaling compound cools. 
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Fourteenth : Now, pour sealing compound around the edge of 
the top cover, niitil it i-eaches the top of top cover; then when the 
sealing compound has cooled, take a putty knife and scoop extra 
sealing compound off of top cover, making a smooth surface over 
all the top of the battery. 

Fifteenth; In burning the top connector to terminal post, pro- 
ceed as follows; Scrape the hole of the top connector until the 
surface is bright and clean; scrape terminal post until top and 
edge are bright and clean. Now, scrape a piece of lead — preferably 
a small bar — bright and clean; then apply hydrogen ga^ flame, 
mixed with air under pressure, to the top connector and terminal 
j)ost assembled, at the same time heating lead bar. When top con- 
nector and terminal post begin to melt, apply lead bar directly on 
same, melting it, thus making a firm burned connection. Then 
fill rest of hole-space witli melted lead and smooth off even with 
top of top connector. 

Care of Grinding Wheels. — Chattering and waviness in appear- 
ance of the pari finished is usually caused either by the whe(d 
spindle being loose in its bearings, the grinding wheel being out 
of true or out of balance, or particles of the material being ground 
having become embedded in the wheel. A. loose spindle should, of 
course, have its bearings adjusted. In a great majority of cases, 
however, the cause of imperfect work is due to the wheel getting 
out of shape. It is important that its face should be perfectly 
parallel with the travel of tlie carriage, and in order to produce a 
result of this kind a diamond tool must be us(jd, ns near to the 
headstock or footstock center as is practicable, especially on work 
of small diameter. AVliere the work is not so small, say 2 inches 
in diameter, the truing device can be clamped at the most con- 
venient point, and in cither case it should be carefully seen to that 
the stud holding the diamond and the arm supporting same, are 
solid 'against the work. If the truing device is not rigid the face 
of the wheel wdll not bo dressed perfectly true. 

It W’ill be i)bserved that the stud in wdiich the diamond is 
mounted can be revolved in its bolder and it is hnportant that the 
point j)resented to the wheel should be sharp ; for instance, if the 
diamond should become worn and flattened, it should be turned 
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smd thus present a new poiiit to the wheel. Keeping the wheel 
true is iinportjjiit for the operator to observe, particularly so when 
he conies to make a final finish. The wheel should be traversed by 
the diamond at a uniform sx)eed, rather slowly in order to give it 
time to cut away the particles. If it is desired to do rapid cutting, it 
will 1)0 found proper to pass the wheel by the diamond more rap- 
idly thus making a rougher face on the wheel. 

The number of times that the face, of a grinding w'heel- has to 
be trued depends entirely on the character of tlie work being fin- 
ished and the kind of wheel used. There are soirie wheels that wear 
a-^'^y rapidly enough so that little truing is necessary. There are 
also eases where a Jiarder wheel is desirable and a hard wheel neces- 
.*sarily requires more truing than a soft one. Where i)ieces arc 
rather large and considerable stoek has to be removed, it may be 
n<?cessary to true the w heel each time a pii^ee receives its finishing 
cut. Wh<»re the stock to be removed is not more than % 4 -inch 
diameter it is advisable to finish in one operation, but when there 
is as much as diameter to be removed it is good practice 

to grind it in tw'o operations. As stated above, it is desirable gen- 
erally to i)ro.sent a sliarp point of the diamond to the wheel in tru- 
ing, ))ut there are times when the smooth surface is preferable, par- 
ticularly when it comes to producing a very fine finish; the flat 
surface of the diamond wall tend somewdiat to glaze the wheel and 
thus produce a better finish. A coarse wheel properly trued will 
produce a good finish. 

The amount of wear the wheel is subjected tc depends upon 
the operator in many cases. Never bring an emery, corborundiim 
or other abrasive wheel suddenb^ against the work or the work ab- 
ruptly to the wheel. The feed should be gradual, so that the 
sparking Avill stai*t almost ini])erceptibly. Grinding is not intended 
to be a roughing process but is a method of finishing in most cases 
^ so careful manipulation of the feed control is required to prevent 
the wJieel from ‘‘digging’' in. 

Speed for Wheels. — The. tabk* below designates number of revo- 
lutions per minute for specified <liaineters of wheels, to cause them 
to run at the respective periphery rates of 4,000, 5,000 and 6,000 
feet per minute. 
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SPEEDS FOR EMERY WHEELS. 


Diameter Wheel 

Revolution B per 
Minute for Surface 
Spee<l of 4,000 Feet. 

Revolutionn per 
Minute per Surface 
Speed of 6,000 Feet. 

Revolutions per 
Minute per Surface 
Speed of 6,000 Feet. 

Inch 

1 

15,286 

19,099 

22,918 

2 

7,639 

9,549 

11,469 

3 

5,093 

6,366 

7,639 

4 

3,820 

4,775 

6,730 

5 

3,056 

3,820 

4,684 

6 

2,546 

3,18d 

3,820 

7 

2,183 

2,728 

3,274 

8 


2,387 

2.865 

10 

1,528 

1,910 

2,292 

12 

1,273 

1,592 

1,910 

14 

1,091 

1,364 

1,637 

16 

956 

1,194 

1,432 

18 

849 

1,061 

1,273 

20 

764 

955 

1,146 

22 

694 

868 

1,042 

24 

637 

796 

955 

30 


637 

764 

36 

424 

531 

637 


The medium of 5,000 feet is usually employed in ordinary work, 
but in specific cases it is sometimes desirable to run them at a lower 
or higher rate according to requirements. We recommend a num- 
ber of revolutions equivalent to a surface speed of 5,500 feet. This 
does not indicate that tjicy cannot be run at a higher or lower 
speed, but that it is a good average speed to produce good results. 
To allow an ample margin of safety it is recommended that wheels i 
should not bo run at a surface speed exceeding 6,000 feet. Every 
shop should liave a spe6d indicator in order that the speed of its 
grinding machinery may be known. 


Grading of Landis Grinding Wheels. 

“ NQMBKRS 

The grains are numbered according to the number of meshes* 
per lineal inch of the sieve through winch they have passed. For 
example, No. 30 is a grain that will pass tlirough a sieve having 
thirty meshes to the inch, but will not pass through a sieve liaving 
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thirty-six meshes. The fineness, or number, of the emery or corun- 
* dum used in making a wheel determines the ‘‘^aumber" of the 
wheel. 

The grains (and similarly the wiieels) are numbered as follows: 
, 10, 12, 16, 20, 24, 30, 36, 46, 54, 60, 70, 80, 90, 100, 120, 150. In 
- his list the lower numbers indicate tlie coarser grains, the higher 
I numbers, the fin(»r ones. 

When ordering wheels, be sure to specify diameter, shape, thick- 
ness, size of center holes, the grade and grain or description of 
material to be ground and speed proposed to run the wheels. If 
possible, give shape number. 

h^or grinding hardened steel and cast-iron, ^wheels made by what 
is known as the silicate process give very good j'csiilts, but the 
vitrified wlu'cl in our experience is the better for general use. 

A soft wheel is less apt to change the temperature of the wwk 
or become glaz<'d. 

A wheel is most efficient when just soft erumgh not to glaze and 
hard enough not to wear away rapidly. 

Use a fine grained wheel for finish, a coarse wheel to remove 
stock. For g(*neral grinding a 24 combination grain wheel gives 
excellent results. 

A good practice is to have several grades, of wheels on hand 
best adapted for your different classes of work. 

Always k('ep a spare wheel or two on band for emergencies. 


Vitrified 

Process 

' Silicate 
Process 

1 

Vitrified 

Proceaa 

Silicate 

Process 

Vitrified 

Proc *38 

Silicate 

Process 

Very Soft E 

1 

Soft K 

21 

Hard Q 

5 

P 

1 

L 

2i 

R 

5| 

G 

li 

Medium M 

3 

S 

6 

H 

li 

N 

3i 

T 


Soft I 

1* 

0 

4 

Very Hard U 

7 

J 

2 

! F 

a 
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lISKFtlL INFOKMATION FOH AXJTO nKPAITlMKN. 

Anti-Frpezing Cooling Solutions — Sul^stoncps Usually (\)inbim!d with Water — 
Atlvanlagcs of Dilforent Solutions — Electrolytic Action Not Desiniblo — 
The Rest Mixture — ^Extinguishing Kiroa in Volatile Liquids — First Aid to 
the Injured — Scimefei* Method of Artiiicial Respiration — 'I’he Repair Shop 
Miedicine Chest — Remedy for Riirns, Cuts and Abrasions — Wounds and 
Painful Injuries — ^Ilonie-iuade Aseptic Clnuze. 

Anti-Freezing Cooling Mediums. — To lower the freezing point 
of water it is possible to add various substances and the propor- 
tions added determine the point at which the solution will congeal. 
Among the materials commonly used may be mentioned common 
salt, alcohol, glycerine and calcium chloride. The alkaline solu- 
tions produce a distinct electrical action wherever two dissimilar 
metals are used together in the cooling system, such as the brass 
tubing of a radiator and the solder used at the joints ; the cast iron 
water jacket and the aluminum or brass plates used to close the 
core print holes; the aluminum pump casing and steel or bronze, 
impeller, and at many other points which will vary with the de-^ 
sign of the car and the materials of the components. The alcohol ’ 
solutions evaporate very quickly, the glycerine solution affects the 
rubber hose, and the salt solutions leave an incrustation as the 
water evaporates. It is r(^asonable to expect electrolytic action 
when metals of different potential are used together in any alkaline 
solution, which are electrolytes of high value. Taking it all in all,. ' 
the selection of the best solution involves a consideration of many' 
facts and various requirements must be considered in the selection 
of that most suitable. (Considering tlic qualities of such a com- 
pound it will be seen tliat no one will combine all the desirable 
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features, so in selcelitigr the solutions the following should be kept 
in mind : To begin with, and it is a highly important consideration, 
the solution used should ha.ve no corrosive action, nor should its use 
l>pove deleterious on the metals or rubber used in the circulating 
system. It must be easily dissolved in or combined wdth water, 
must be reasonably clieap and not subject to rapid waste by evapo- 
ration, and should not be of such character that it wifi c|j 2 posit 
sediment or foreign matter in the jackets,' pipes or radiator water 
spaces. Its boiling i)oiut sUonld be as high, if not higher than, 
that of water, and it slmuld not congeal at temperatures ordinarily 
met with wdicre it is usi‘d. 

Substances Usually Combined with Water. — Alcohol is pre- 
])arcd by dcstruclivc distillation of various vegetable substancis 
which contain starch or sugar, such as potatoes, beets and numer- 
ous grains and tfuits. Any starchy material will serve for the pro- 
duction of alcoliol and the real question is one of cost, which varies 
with the locality in which the manufacture is carried on. It inixt s 
readily with water, and docs not congeal at any known tempera- 
ture, though its boiling point is about 175 degrees Fahrenheit, 
and above this point evai;K)ratioji is rapid. It is a very volatile 
liquid and will evaporate at very modcjrate temperatures. The 
alcohol generally used is denatured by the addition of a substance 
which renders it unfit for drinking purposes and because of the 
recent removal of the government tax it may be obtained for about 
60 cents a ‘gallon. 

Glycerine is obtained as a by-product in the saponification of 
fats in soap and candle making, and is an oily substance which 
will vary in color from reddish brown when crude to a colorless 
liquid wdien pure. Crude glycerine sometimes contains free acids 
in small quantities though "'it may be purified and the color re- 
moved when it is to be used for certain purposes. This substance 
has a much higher boiling point than water, ebullition taking place 
at a temperature of 554 degrees Fahrenheit. Glycerine when pure 
is a sweet, colorless liejuid and is mixable with water and alcohol 
in any proportion. It is most largely used in the manufacture of 
nitroglycerine, thoiigli utilized to some extent in pharmacy, soap- 
making, filling instruments W'hich vecpiire a li<iuid seal and w^hich 
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are exposed to low temperatures, and sweetening wine. It can be 
obtained in single gallon lots at a cost about $1.50. 

Calcium chloride is a by-product of- the Weldon process of ob- 
taining chlorine which is to be incorporated into bleaching powder, 
from manganese ore and hydrochloric acid. It is a saH and is pro- . 
dueed in the form of cryKstals, the crude material being yellowish 
white in color, though lifter purification it is clear white. It may 
be obtained directly from marble or chalk by dissolving these ma- 
terials in hydroeliloric acid. It is cornparalively clu^ap and may 
be obtained in 10 pound sheet iron drums at nine cents per pound. 
Chemically pure its cost will vary from 30 to (iO cents per pound. 
It is very solubh* in water, and wliilc it is in solution it will lower 
the freezing point. It may contain free acid in the crude form, 
though this may be neutralized by the addition of a little slaked 
lime. Water will be evaporated rapidly at leiuperatiires in excess 
of 185 degrees and salt will remain in the form of crystals. Wliih*, 
calcium chloride solutions have l;cen ve]*y i)opular they arc not s > 
well thought of at the present lime because of a certain electrical 
action xvliicli is s(*t up when the water circalatioii system is com- 
posed of dissimilar niclals, as is coinniouly the case in motor car 
construction and c<irrosion at the points of jiaiclure is unavoidable. 
As hydrochloric acid is used when this salt is obtained, there may 
be some free acid in combination witli the oruder grades, and corro- 
sive action will be noted. The corrosive action of chemically pure 
salt is very slight, though electrical action will bo noted if dis- 
similar metals are employed, regardless of the i)urity oC the salt'* 
in the solution. 

Advantages of Different Solutions. — The substances previ- 
ously discussed all have advantages, some as relates to first cost, 
others to freedom from trouble. Alcohol is without doubt the best 
material to use fi’oin the viewpoint of action on melal or rubber, 
as^ it does not form deposits of foreign matter, will not freeze at 
known temperatures, and has no electrical effect. *It is extremely 
volatile, however, and because of its low boiling point will evapo- 
rate at temperatures miudi less than that of the boiling point of 
xvater, and the solution in the water circulation system of the 
modern motor car often heated to this point, especially when the 
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natural system of water circulation is employed. Combinations of 
water, alcohol and glycerine have been tried, and have given ex- 
cellent results. The addition of the glycerine to a water-alcohol 
vsoliition reduces liabilily of evaporation to a large extent and in- 
creases the boiling point. Glycerine and water solutions were form- 
erly considered favorably, but of late have been abandoned be- 
cause of certain strong disadvantages. Crude glycerine bfteii con- 
tains free acid, and in many cases, if no free acid is found, it may 
break down when exposed to heat, and li))erate fatty acids, which 
arc found combined witli other elements in all fats and oils of 
animal or vegetable origin. Wliile this acid may not altack metals 
1o any appr('<?iable extent, still its ])resenee in the cooling system 
is not desirable. Glycerine, as is true of most oils, has a d(jstruc- 
live ell'oot on rubber hose and gaskets, and should not be used in 
large ])roi)ortio)is on any car wliere mueb oE the piping system is 
of rubber hose. Glyixniue is (‘xpensive and is liable to decomj)ose 
under tbe iu/Iuenec of beat, and as tlie proportions used with water 
are laj’gcr than is nec(‘ssary with other substamH\s, these solutions 
are being replaced with alcohol, water and glycerine compounds, 
wliieb are most salisfaclory in ordinary practice. 

Positive Proof of Electrical Action. — To demonstrate tliat 
with saline solutions a certain amount of clecti’ical action was un- 
avoidable, the writer made a series of tests in which a number of 
pairs of dissimilar metals were placed in calcium chloride solution 
and a low -reading voltmeter interposed in the circuit showed volt- 
age ranging from one-tiftli to one-half volt, depending upon tlie 
metals used, the strength of the solution and the t( inperature. The 
electrical action in every case was greater as the temperature 'was 
increased. Extreme care was taken in making these tests, and the 
results obtained w^ere carefully checked by another series of tests 
with the same metals and fresh solutions. The solution used was 
the weakest of the calcium chloride and water combinations, and 
was made of two pounds of salt to a gallon of liquid. This solu- 
tion has a freezing point of 18 degrees P., only a few degrees lower 
than plain water. With zinc and copper the current indication was 
two-fifths of a volt, just half as much energy as obtained with sal- 
ammoniac, a recognized electrolyte, in previous test. The tempera- 
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tiire was about G8 degrees Pahrenlieit. Copper and cast iron 
showed mure energy tliaii when the same elements were immersed 
in standard electrolyte, namely, tlirec-teiitlis of a volt. Copper and 
solder showed the same ‘as when sal-ammoniac was used, the indica- 
tion being one-fit'th volt. When alnmiinim and cast iron were 
tested the indication was less than one-tenth volt. Alnmiiuim and 

r 

brass. produced one-fifth volt, brass and S()Ui(?r one-tenth volt and 
brass and cast iron one-tenth volt. This clectrolyle is the weakest 
of tlie caleiurn e.liloride solutions which liav(' been advised by men 
who know, for use in the eireulaticm system. Its suitability for the 
purpose is left to the reader’s judgment. 

The results with the stronger solution were about the same, the 
only difEer(‘nce noted being that the needle moved over further with 
each stronger solution, though it set1h‘<l to about the same reading 
as Avith tlie vveakt?r solution for the same elements. All the ele- 
ments were tested in four different jnixtures and results carefully 
noted. To test the effect of increased temperature on current pro- 
duction, four ounces of the strong solulion, tliat of five pounds 
calcium chloride to the gallon of water, was liealinl to 180 degrees 
Pahrenlieit, a temperature slightly h*ss thaji its boiling i>oiiit, and 
the zinc and copper elements jilaced in the jar and a residing lake‘ij. 
While the reading at 70 degrees Fahrenheit, was two-fifUis volt, at 
the Liglier temperature the indication of the needle was three- 
fifths volt, almost as much as olitained Avith the regular sal-ani- 
moniac solution at normal temperatures. 

Electrolytic Action Not Desirable. — AVherc; there is eleetri- ' 
cal action there is also corrosion and deterioration of the metal 
which acts as the negative element. Wliili^ it is true that the cur- 
rent produced betAveen the metals falls off in jiressure because of 
polarization of the iiositiA^e clement, it must be considered that the 
constant circulation of the solution through the jacket and pifiing 
must to a certain extent act as a depolarizer because of agitation 
of the lifpiid, which has a tendency to keep the surface of the posi- ‘ 
tive element free from gas bubbles. It is reasonable to assume that 
there will be a continued electrical action all the time that tlie solu- 
tion is in a cooling system, though at times tide may be very slight. 
To be sure tliat the action was caused by the calcium chloride alone 
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and not acid in solution the various .solutions were carefully tested 
with litmus paper for acid without detecting tlfe minutest trace. 
Tlieii for the purpose of. testing the litmus paper a single drop of 
liydrocliloric acid placed in the solution turned the blue litmus 
to a light pink, proving conclusively that the test paper was of 
proper strength. 'JMieu consider that all the time the engine is 
in opoi-alion the temperature is nearly to tlu» boiling point of the 
solutions, in some cases more, and it will bt' seen that the degree of 
electri( 5 al activity is considerably increased. 

The cellular cooler is composed of innumerable soldered joints 
and at every one of these there will be a et'rtain amount of elec- 
trical action, which iu the aggregate will amount to a considerable 
current, At vaj’ious other points of the cooling system, wherever 
there is two unlike metals in combination, we have other small 
currents, which decompose tlieir quota of metal and assist iu filling 
the syslmn with sediment and foreign matter, not to mention the 
salt crystals which will be formed as tJie solution evaporates. The 
writer does not claim that the lest showed absolute results, but they 
dcnionstrati‘d that without doubt electrical action does exist when 
solutions of calcium chloride or any other salt are used to prevent 
freezing. 

The Best Mixture. — Plain water and alcohol solutions would 
1)0 llie bc'st were it not for tlie ease with which such compounds 
boil and the rapidity with wliich they evaporate. We have seen 
that the objections advanced against calcium chloride solution have/ 
amjde foundation ajid that such compounds are not suitable for 
use, the chief advantage, that of cheapness, havii g been eliminated 
by the rcductioji in the price of denatured alcohol. The addition 
of a little glycerine to an alcohol and water solution reduces lia- 
bility of evaporation, and when used in such quantities it has no 
injurious effect to si)eak of on rubber hose. The tables show the 
combinations and their freezing points and the proper proportions 
of the mixtunjs used must, of course, be governed by conditions of 
locality, but it is better to be safe than sorry, and make the solu- 
tions strong enough for the extremes that may be expected. The 
writer has used both alcohol and water, and glycerine, alcohol and 
water solutions, with good results, though considerable trouble 
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has already been expe- 
rienced when saline so- 
lutions were employed. 

Oils of various 
kinds have been recom- 
mended, these l)eing of 
the character often 
used in lubricating ice- 
making machinery, and 
made especially to 
withstand low teinper- 
atures. Such oils will 
not absorb heat as well 
as water and should 
be used only wliere c*x- 
ccptionally good meth- 
ods of cooling are pro- 
vided, such as a large 
radiator, all metal pip- 
ing and i)Ositive pump. 
This oil will attack rub- 
ber hose, however, and 
it w^ould seem, all 
things considered, al- 
cohol solutions are 
preferable to all others. 
The following tabula- 
Flg. 465. — Special Testing Hydrometer for De- tions give the relative 
termlning Density of Alcohol-Water Cooling values of solutions com- 
Solutions, Giving Freezing Points. monly employed : 

CALCIUM CHLORIDE SOLUTIONS 

2 pounds salt. 1 gallon water. Freezing point. 18° F. 

3 pounds salt. 1 gallon water. Freezing point. 1.5° F. 

4 pounds salt. 1 gallon water Freezing point. -17° F. 

5 pounds salt, 1 gallon water Freezing point. -39° F. 
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WATER AND AL(JOnOL SOLTTTTOXS 

Water 95%, Alcohol 5 % Freezing point, 25® P\ 

Water 85%, Alcohol 15% Freezing point, 11° F. 

Water 80%, Alcohol 20% Freezing point, 5° F. 

Water 70%, Alcohol 80% Freezing point, -5° F. 

Water 65' ?;, Alcohol 35% Freezing point, -16° F. 

WATER, ALCOHOL AND (H.VCKRJXK SOLinjOX?i 

Water 85%, Alcohol— Glycerine IS'^o Freezing point, 20° F. 

Water 75"?„ Alcohol— Glycerine 25% Freezing point, 8 ^ F. 

Water 70%,, Alcohol — Glycerine 30'.?^ Freezing point, -5° F. 

Water 60%j, Alcohol-Glycerine 40% Freezing point, * 23° F. 

Alcohol and Glycerine - equal proportions. 

EXTRACTS FROM A RARER READ T5V EDW. IF. BARRIER 
BEFORE THE AMERICAN SOCJ E l Y OE MECHANICAL 
ENGINEERS. 

Extinguishing Fires in Volatile Liquids. — Tlie extinguish- 
ing of fires in oils, gasoline and in most of the volatile liquiils has 
always been a diiTiciilt problem and where fires of this kind occur 
the results are frequently very disastrous. Our most common extin 
giushing agent, wat(ir, works ratlier unsatisfactorily upon the ma- 
jority of such tires, hut it is still the only one available where heroic 
measures are required. Comparatively recently, however, there 
liave been two or three other materials introduced for use as ex- 
tinguishers which have shown .some promise tor dealing with these 
fires, and it is the writer’s purpose to discuss these materials and 
the conditions under which tliey prove the most efficient. Not all 
fires in volatile liquids are difficult to handle with water. When 
tlie liquid is miscible with water this extinguishing agent can be 
successfully used. Examples of this kind are denatured alcohol, 
wood alcohol, grain alcohol, acetone, etc. Where the liquid is not 
miscible with water little or no effect is produced except to wash 
the burning liquid out of the building where it may be completely 
consumed, or, if the quantity of oil is small, possibly to extinguish 
the fire by the brute cooling effect of a large quantity of water 
sprayed upon the fire. Soda and acid extinguishers are somewhat 
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Fig. 466. — Charts Showing Freezing Points of Various Mixtures of 
Calcium Chloride, Alcohol, etc., and Water. 
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more effective tliari pure water, but even they fail under most con- 
ditions. The various grenades containing salt solutions wliieh were 
formiirly extejisively exploited are of course praotfeallj'^ worthless. 
Tlie only princiides that can be made use of in extinguisliing fires 
in volatile oils are'ta) to fonn a blanket eitJier of gas or of solid 
material over the burning liquid which will exclude the oxygen of 
tlie air or (b) to dilute the bimiiiig lif|nid with a iion-in^iminable 
extinguishing agejit wbich is miscible with it. • 

Sawdust and Bicarbonate of Soda. -'To the blanket ijig type 
of exlingnisliers belongs sawdust. Paradoxical as it may seem, 
01 ‘dinary sawdust is an exe(‘llent extinguishing agent for ei^rlaii) 
volatile liquids, esi)ceiaHy those of a viscous nature. A consider- 
able ininiher of exj>eriineu1s were conducted in the fall of 1!)12 by 
the inspet'lion (h'partuiejit of the Associated Factory Mutual Fire 
Jjisuranci' ( Vinipanies, in tin* extinguishing of fires in lacipier and 
gasoliii(‘ in tanks with sawduwst, and the r(*sulLs were surprisingly 
satisfactory. The li<iuids were i)laccd in three tanks 110 inches long, 
12 inclics wide and KJ inches deep; 48 inches long, 14 inches wide 
and .10 inches deep; and GO inches long, 30 ijichos wide and 16 
inchcKS deep. Th(‘ sawdust was applic<l with a long-handled, light 
Imt substantially built snow shovel having a blade of considerable 
area. In every ease the fires wtu’e extingnish(»(l readily, especially 
ill the two sinalh*r tanks which were about as large as any ordi- 
narily employed for lacfiuer in manufacturing establishments. The 
efficieney of the sawdust is undoubtedly due to its blanketing ac- 
tion in floating for a time upon the surface of the liquid and ex- 
cluding tile oxygen of tlie air. .Its efficiency is greater on viscous 
liquids than thin liqnuls, since it floats more rea<aly on Die former 
than on the latter. The sawdust itself is not easily ignited, and 
wh(‘u it does become ignited it burns without flanu*. The burning 
embers have not a sufficiently Ingli temperature to reignitc the 
liquid. The character of the sawdust, whether from soft wood or 
hard wood, appearsi to be of little or no importance, and the amount 
of moisture contained in it is apparently not a factor, so that the 
drying out of sawdust when kept in manufacturing establishments 
for a time would not affect the efficiency. It was found that the 
admixture of sodium bicarbonate greatly increased the efficiency 
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of the sawdust as shown both by the shortened time and the de- 

orcfised amount of jiialerial necessary to oxtingiiish tho firos. A 

further advantai^e of the addition of bicarbonate of soda is that 
it decreased the possible danger resultin'^ from the presence of saw- 
dust in manufacturing j)lants since it would be difficult if not im- 
possible to ignite the mixture by a carelessly thrown match or any 
other source of ignition. Although th(» effieieney of the sawdust 
is greatest on viscous liquids such as lacquers, lieavy oils, japan, 
w'axes; etc., in the test referred to, fires ^vere extinguished in gaso- 
line contained in the smallest tank and also wlien si)rea(l upon the 
ground. In larger tanks the saw’dust or bicarbonate mixture does 
not work so well since the sawdust sinks before the whole surface 
can be covered, whereupon the exposed liquid reignites. 

Carbon Tetrachloride. — In reeeni years carbon tetrachloride 
has received considerable allention as a fire extinguisbing agent. 
This is due largely to the activity of certain manufacturers of fire 
extinguishers wliich use li<|uids, the basis of which is carbon tetra- 
chloride. Tins substance is a water white liquid and possesses 
when pure a rather agreeable odor somewhat similar to chloroform. 
A considerable proportion of the commercial article npoii the 
market, however, contains sulphur impurities which impart a dis- 
agreeable odor to the li(]uicl. The substance is quite heavy, its 
specific gravity being 1.632 at 32 degrees Fahr. It is non-inflam- 
mable, non-explosive, and is readily miscible with oils, waxes, japan 
etc. When mixed with inflammable Ihiuids it renders, them non- 
inflammable provided a sufficient quantity is added. Its vapor is 
heavy, the specific gravity being about five and one-half times that 
of air, consequently it settles very rapidly. As an extinguishing 
agent it operates by both the principles mentioned, namely, it 
dilutes the inflammable liquid rendering it non-flammable, or at 
least less inflammable, and. it forms a blanket of gas or vapor over 
the burning liquid which excludes the oxygen of the air. 

Although this exposition is c«)nfined to a discussion of extin- 
guishing fires in oils and volatile liquids, it may not be out of place 
to mention that the claims made by certain manufacturers pro- 
ducing extinguishers wdiieh use liquids, the basis of which is carbon 
tetrachloride, are grossly exaggerated. These preparations, none 
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of which is more efficient than earhon tetrachloride, are not the 
equivalent of the ordinary water extinguishers for general use on 
sueh materials as cotton, wood, paper, oily waste, etc. On volatile 
liquids, oils, etc., carbon tetrachloride has, liowever, shown very 
satisfactory results under some conditions, but the readiness with 
which a fire can be extinguislmd with it depends to a considerable 
extent upon the skill of the operator and tlie length of time? that 
the liquid has been burning is an important factor, and in such 
cases where the sides of the tank become heated the only way in 
which the fire can be extinguished is to squirt the liquid forcibly 
at the sides. If the carbon tetrachloride is squirted directly into 
the liquid it is much more difficult, if not impossible to extinguish 
the fire. The lioiglit of the liquid in the tank is also a very im- 
portant factor. Where the liquid is low the sides form a pocket 
which retains the vapor and aids considerably in smothering the 
blaze. When the tank is nearly full, however, this condition does 
not exist, and it is then very difficult, if not impossible, to extin- 
guish a fire in a highly volatile liquid such as gasoline; only the 
most skilled operators are successful in these cases. 

The size of the tank or the extent of the fire upon the floor is, 
as w’ould be expected, of considerable iTn[X)rtance. In tanks larger 
than about 28 inches by 12 inches more than one extinguisher and 
operator working at a time are new*ssary to extinguish a fire in 
such materials as gasoline. In one test where a tank 60 inches by 
, 30 inches was used no less than seven operators were necessary^ 
and even then it was only with the greatest difficulty that the fire 
was put out. All of the above remarks ai)ply to tetrachloride in 
the ordinary one quart extinguisher as generally sold. It is prob- 
able that a large extinguisher which could throw a large stream 
would prove more efficient, but on account of the great weight of 
carbon tetrachloride such an extinguisher would have to be spe- 
cially designed, to make it readily x^ortable by mounting on a truck 
or some similar means. Expelling the liquid by means of "a hand- 
pumping arrangement would probably be unsatisfactory, and it 
would therefore be necessary to force it out in some other way. 

A few systems have recently been installed in w’hich an elevated 
p tank containing tetrachloride 'was connected with automatic sprink- 
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lers or perforated pipes located in hazardous rooms where volatile 
and inflammable liquids are in use. So far as is knowm none of 
these systems has as yet been called upon to extinguish a fire, but 
there apjiears to be no reason why such a systtun should not pro- ^ 
vide excellent protection in special cases. In such systems it would 
be necciifeary to consider the safety of the w^orkmoii and furnish 
ready means of escape, since carbon tetrachloride is an anesthetic 
and wdiere thoroughly sprayed through the air as from an auto- 
matic sprinkler it would probably iiroduce rapid results. The 
nature and effect of the fumes given off when carbon tetrachloride 
is thrown upon the fire is a subject whicli has received a great deal 
of discussion. When the liquid conics in contact with a fire the 
vapor is partly decomposed resulting in the evolution of a consid 
erable quantity of black smoke which undoubtedly is divided carbon. 
Pungent gases are also produced which ai>pear to bo mostly hydro- 
chloric acid with possibly a small amount of chlorine. Since car- 
hon tetrachloride contains no hydrogen from which hydrochloric 
acid can be formed this substance must be produced by the action 
of chlorine on the gases arising from the burning material or upon 
the moisture of the air. The fumes of carbon tetrachloride although 
of a very pungent nature, do not produce any permanent injury 
under ordinary conditions -where the operator can make his escape 
after he has inhaled all that he can stand, but they are a distinct 
handicap in fighting a fire and are one of the objectionable features 
to carbon tetrachloride as a general fire extinguishing agent. In^ 
large rooms or where a small quantity of carbon tetrachloride is 
sufficient to extinguish a fire the gases are of course less objec- 
tionable. 

Frothy Mixtures. — Another method of extinguishing fires in 
oils and volatile liquids which has recently been pro])osed and ex- 
perimented with is that of using frothy mixtures. The idea seems 
to be a very promising one, and the tests which have been thus far 
reported indicate very satisfactory results. The idea w^as origi- 
nated and has been developed in Germany. So far as is known no 
experiments along this line have been conducted in this country. 
The i>roee8s consists essentially in causing two liquids to mix in a 
tank where foam is produced. The tank is made airtight and suf- ^ 
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ficiently strong to permit of llie foam being forced out by carbon di- 
oxide under ])r(‘ssure and the foam is conveyed to the fire by meana 
of a line of hose. The exact nature of tlie liquids has not been 
disclosed, but one of tliem probably consists of a sodium carbonate 
solution containing froth-forming ingredients such as glue or casein 
and the other an alum solution. The two on coining together gen- 
erate carl)on dioxide, which produces froth. Tliis froth is re'J)OTted 
to be quite stiff and to shrink in volume but a comparatively small 
amount oven after a period of half an hour. A number of tests 
wore conduett^d in the winter of 1912 in Gcrmrfny; some of them 
on a- considerable scale. In one case as much as five tons of crude 
naphtha in a tank was involved, and in another an area of 1,300 
square fe('t of burning tar was used. lu all cases the results 
were reported satisfactory, tJie fires ludiig extingiiisbed in a short 
time. 

The frothy mixture undoubtedly owes its efficiency to its blank- 
eting action in settling upon the surface of the burning liquid, thus 
excluding the oxygen of the air, and to the fact that the bubbles 
of liquid contain carbon dioxide which, upon bursting, produce an 
atinosplicre in which combustion cannot take place. According to 
the latest rejiort tlie matter is still in an experimental stage, various 
details regarding the form of apparatus, most efficient pressure 
and design of nozzles being under consideration; but from what 
has already been done it would appear that the idea is a very 
promising ope. 

First Aid to Injured. — ^While automobile repairing is not 
classed as a precarious occupation, accidents are frequent in the 
shop or on the road and a knowledge of first aid principles may 
often avert more serious consequences and do much to alleviate 
the pain of the injured person pending the arrival of a competent 
physician. The following information may be studied to advantage 
by all interested in mechanical work and by automobile operators 
as well. 

Shock: Shock is a sudden depression of the vital powers arising 
from an injury or a profound emotion acting on the nerve centers 
and inducing exhaustiDn. The symptoms are subnormal tempera- 
ture and irregular, weak and rapid pulse; a cold, clammy, pale^and 
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profusely perspiring skin; irregular breathing; the person affected 
usually remains •'conscious and M'ill answer when spoken to, but is 
stupid and indifferent and lies with partly closed lips. Always be 
sure that llu»re is no concealed lieinorrhage. 

Treatment: Lower the liead, wrap the patient in hot blankets, 
and surround him with lamps or other heat giving objects. Give 
an ordinary stimulant, as black coffee, to be sipped as hot as it can 
be borne; half teaspoonful doses of aromatic spirits of ammonia 
may be given every 20 or 30 minutes. Small doses of whisky or 
brandy may be given, provided there is no hemorrhage. One or 
two teaspoonful every 15 or 20 minutes will help to tide the pa- 
tient over until the doctor comes. Inhalation of oxygen is often 
of much service; artificial respiration may be necessary in some 
cases. Hot applications over the heart and spine should be used if 
practical. Always hurry uj) the doctor. 

Fractures: A fracture is a break in a bone caused by a direct 
or indirect violence. Fractures are the most important class of in- 
juries with which we have to deal, not only because they render the 
victim a cripple for the time being, but because the further useful- 
ness of the limb depends upon the recognition of tlie trouble and 
its proper immediate treatment. Frequently ignorance or careless- 
ness in handling a fracture in the beginning renders the sufferer 
an invalid or cripple throughout his life. 

Treatment: In examining the fracture great gentleness in hand- 
ling the part should be exercised. The limb should be handled as 
little as possible. If the nature of iin injury is in doubt, it should 
be treated as a fracture until the doctor arrives. Never allow a 
person suffering from a broken limb to be moved until the part is 
properly supported by splints. To treat a fracture, draw the frac- 
tured limb into a natural position and hold it there by the appli- 
cation of splints. 

Dislocations: A dislocation ils a complete separation or displace- 
ment of the surfaces of a joint, caused usually by direct violence, 
but may sometimes be produced by indirect violence or sudden mus- 
cular contraction. The symptoms are: Pain, swelling, discolora- 
tion, rigidity; the natural position of the limb is changed; the 
length is altered. 
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Treatment: Restore the bone to normal position and hold it in 
l>lace. To properly reduce the dislocation, some slirgical skill and 
knowledge? of the anatomy of joints are required. First-aid men 
sljoiild never try to reduce any dislocations except those of the jaw 
and fingers. 

Spraim: A sprain is a twisting or wTcnching of a ioint, pro- 
ducing a tearing of the ligaments and sometimes of the siirromnding 
soft parts. It is followed by severe pain and marked swelling and 
discoloration. Sprains are important injuries and should be prop- 
erly treated immediately, as sometimes permanent disability may 
follow failure to give them j>ropeu' care. They are very often more 
serious than a fracture. 

Treatment: Let the injured person rest; elevate the injured 
part and fix it in place cither with splints or l)y wrapping the 
joint tiglitly with a roller bandage or with adhesive plaster. Give 
hot or cold applications by placing the injured part in hot or cold 
water or by the application of towels wrung out of ice water or 
hot water. 

Strains:, A strain is the wrenching or tearing of a muscle or 
tendon and is usually caused by violent exertion or sudden unex- 
pected movements. A strain generally occurs in the muscles or 
tendons of the arms or legs. The symptom is sudden, sharp ex- 
cruciating pain. 

Treatment: Let the injured person rest; bandage the injured 
part tightly or apply adhesive plaster. It is sometimes necessary 
to prevent movement of the part by splinting. 

Burns and Scalds: Burns are caused by exposure of the body 
to dry heat, such as the heat of fire or explosions of gas and powder, 
whereas scalds are produced by moist heat, as the heat of boiling 
vrater or steam. The danger from a burn depends upon its depth 
and extent, and also on the age and general condition of the per- 
son injured.. 

The symptoms in a first-degree burn are : Severe, burning pain, 
reddening of the skin, formation of blisters; in a second-degree 
burn destruction of the skin; in a tliird-degree burn, destruction 
of the skin and some ‘of the tissue beneath. In severe burns shock 
is present. ^ 
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Treatment: Carefully remove the clothing from the burned 
part, exclude the air as quickly as possible from burned surface 
with some clean covering and treat for shock. 

The most generally used covering for burns is picric-acid gauze. 
This is ordinary sterile gauze w'hich has been saturated with one- 
half to one percent, solution of picric acid. It has this advantage — 
it is clean and ready for use. Moisten the picric-acid gauze w^ith 
clean water and put it over the burned surface. Over the gauze 
place a layer of absorbent cotton then apply a bandage to hold 
in place. 

(;!arron oil, which is a mixture of equal parts of limewater’ and 
linseed oil, Ls often used, and is very good. It is applied as follows: 
Take a piece of sb^rilizcd gauze large enough to cover the burned 
surface; saturate the gauze wdth carron oil and cover the burn. 
Dress wdth absorbent cotton and cover w ith a bandage. 

Vaseline, sw’Cet oil, olive oil and balsam oil are all good dress- 
ings, If nothing better is at hand dissolve some bicarbonate of 
soda in sterilized water. Gauze wrung out of this and spread over 
the burn wdll give relief. Remember that se\ ere burns arc accom- 
panied by shock, and always treat a burned patient for shock as 
well as for burns. 

Schaefer Method of Artificial Respiration: Free the victim from 
electric current conductors or in case of drowuiing, roll on a barrel 
to expel water and instantly remove him to fresh air. Rapidly feel 
with the finger in his mouth and throat and remove any foreign 
body (tobacco, fal.so teeth), then begin artificial respiration at once. 
Proceed as follows: 

Lay the subject on his stomach with arms extended as straight 
forwsird as possible and with face to one side so that the nose and 
mouth are free for breathing. Let an assistant draw forw^ard the 
subject s tongue. 

Kneel straddling the subject's thighs and facing his head; rest 
the palms of your hands on the loins (on the muscles of the small 
of the back) with the fingers spread over the low^est ribs (Fig. 
467 A). 

With arms held straight, fingers forward, slowdy swing forw'ard 
* so that the weight of your body is gradually aud without violence 
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lirought to bear upon the subject (Fig. 467, B).^ This act should 
lake two to three seconds. Then immediately swing backward so 
as to remove the i)ressure, returning to the position swdng in Pig. 
467, A. Rex)f*at regularly 12 to 15 times per minute the swinging 
forward and backward, completing a respiration in four or live 
seconds. • 

As soon as this artificial respiration has been started and while 
it IS being conducted an assistant should loosen any tight clothing 
about tlie subject’s chest or waist. Continue the artificial respira- 



Schaefer method of aitiAdal rasplntion. Inspiration. 



Sohoefer method of artificfal respiration. Expiration. 


Fig. 467. — ^lUustrating Shaefer Method of Artlllcial Bespiratlon. 
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tio'n without interruption until natural breatliing is restored (if 
necessary two hours or longer) or until a physician arrives. If 
natural breathing stops after having been restored, use artificial 
respiration again. Some patients have been revived after several 
hours of hard work. 

As soon as signs of life appear the lower limbs should be elo- 
ngated md rubbed vigorously toward the heart. Hot ai)plications 
should be used over the heart if practicable. If the patient gains 
consciousness and is able to sw’allow give liot colfee or half-tea- 
spoonful doses of aromatic spirits of ammonia and treat as in shock. 
Do not put any liquid in the patient’s mouth until he is fully con- 
scious. Give the patient fresh air, but keep him warm. 

Send for the nearest doctor and pulmotor as soon as the acci- 
dent is discovered. 

Automobile Repair Shop Medicine Chest. — The following ex- 
tracts are from an article by Dr. W. R. Ingraham publislied in the 
Scientific American, The instructions are so plainly given that 
they can be followed to advantage by the repairman and machinist, 
and the various remedies and supplies mentioned may be advan- 
tageously included in the shop equipment because the various minor 
accidents that may happen in the shop may be treated by some 
shopmate or member of the clerical force trained for this duty, and 
men kept at work after minor wounds are dressed. 

Remedy for Slight Bums. — Does the “Handy Jlan^^ ever burn 
himself? Of course. One of the best, most convenient remedies 
he can use is solution of picric acid in wmter. It is very satisfying 
and just a little gratifying to have the excessive pain, of first degree 
burns instantly quieted. First degree burns are superficial, ^and 
the nerve endings, not being destroyed as in the deeper second and 
third degree burns, set up a howling remonstrance in the way of 
pain. Picric acid of a strength 1 to 200 (about one-third teaspoon- 
ful to one pint of water) or a saturated solution is used. It is 
antiseptic and will prevent suppuration. It is analgesic and “will 
make it feel good.” It stains yellow, but the stain .comes out in 
the wash. Keep a small vial liandy. When you get a burn (if 
skin is not broken), sprinkle a little acid in a- basin of water. Satu- 
rate a strip of gauze or eioth with this and bandage in place. In 
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a very little while (or as soon as the picric acid coagulates the 
albuminous exudate) the pain is quieted. 

For Deep Burns. — Use picric acid as above for deeper burns 
(bliwsters and broken skin) but more carefully. Pour a little alcohol 
in the basin to be used. Roll it about so that the alcohol wets all 
the inside. Set it on fire and every germ in that pan dies in- 
stantly. Pour 'water that has boon boiled from the teajcettle into 
the pan, and add the ])icric acid. Bandage the hum with clean 
aseptic gauze and saturate it with solution. Blisters should be 
opened and conteuis expressed. Open them with a needle, the busi- 
ness end of which is sterilized by holding in the flame of a match. 
The soot will do no luirm. For still deeper burns or burns of largo 
area (third degree) much cau be done by tlie above to alleviate 
sulleriug until a physician can be had, but send for him at once. 
TJic attending sliock is serious. 

For Small Cuts and Abrasions.-^Tf the Handy Man cuts his 
finger or knocks the skin off his knuckle he should proceed as fol- 
lows: 1. Cleanse the wound. Hydrogen peroxide is becoming a 
favorite antiseptic and with good reason. Besides being a germ 
killer it acts and cleanses mechanically. Its effervescence dislodges 
and carries away dirt and any foreign matter that might infect 
the 'H'ound. Try it on a splinter of decayed wood at 'which you 
have picked and fussed in an endeavor to extract. The hydrogen 
peroxide ‘‘boils’’ it right out. Therefore cleanse the cut by pour- 
ing on from a bottle a little of it, full strength. (A medicine 
dropper is convenient.) 2. Dust on a little aristol. Aristol is an 
iodine compound, having the useful antiseptic properties of iodo- 
form, but lacks the disagreeable odor and irrittting properties of 
the latter. With the exudate from the 'w^ound it forms a good arti- 
ficial antiseptic scab. It may be purchased in small sifting top 
bottles. 3. Apply a protective dressing. 

A bit of absorbent cotton pasted down over the w'ound with 
collodion forms a stiff protecting shield, which stays in place. It 
maj be washed over with soap and 'wmter and wfill not require re- 
newal for two or three days. For a contused finger nail, or cut near 
the end of a finger so liable to painful knocks it forms a stiff, com- 
fortable thimble that is soft inside, looks better than a rag and 





does not interfere with work. For smaller, more superficial wounds 
than the above a useful dressing, better than the questionable court 
plaster, or even adhesive tape, is collodion, to which has been added 
aristol or iodoform (50 grams to the ounce). A small glass rod, the 
ends of which have been irifulc smoother by melting with a blowpipe 
in an alcohol llame, makes a convenient apxdicator for the collodion. 
Pass it tliroiigh the cork and leave it in the bottle permanently 

Fot;, Wounds and Painful Injuries. — Tn case of a deep wound 
the collodion dressing is not applicable and the soothing properties 
of a moist dressing are desired. Pour a measured cpiart of water 
into the basin to be used. Gauge the quantity with your eye. Throw 
out the water and sterilize tlic basin (as above) by pouring a little 
alcohol into the basin and rolling it about to wet all the inside. Set 
it on fire w'ith a rnatidi and the basin is tlioronghly sterilized. Pour 
a quart of water that has been boiled directly from the teakettle 
into the basin. One tablet of bichloride of mercury (as usually pre- 
pared) makes a 1 to 2000 solution when added to the (piart of water. 
Sterilize another smaller basin by the method described above and 
pour a i)art of the solution into it for later use. Cleans^ the wound 
as tlioroughly as conditions permit. 

Hydrogen peroxide of full strength or dilated with water is 
usually .sufficient. If the wound is very dirty and mueh lacerated, 
as machinists' wounds arc apt to be, tlu: following method of clean- 
ing is perhaps better: 

Add to 1 quart warm water in which the wound is to be washed 
2 teaspoonsful lysol. (This makes about 1 per cent, ^lolution.) 
Lysol has an odor similar to carbolic acid, but is not so poisonous. 
7i forms a soapy sxdution, hence its value as a cleansing agent. It 
numbs the parts and makes them less sensitive to The part 

sliould now be thoroughly irrigated with the bichloride solution in 
the larger basin, being sure that all the lysol solution is removed 
from the wound. 

Surgically clean gauze (sterilized, aseptic) is now bandaged 
over file Avonnd and moistened with the clean bichloride solution 
saved in the smaller basin for this purpose. Bandage lightly. If 
the gauze dries and the w^ound becomes painful inside of 4 hours, 
remove the outer plain bandage and moisten the gauze with the 



solution again. Use weaker bichloride of mercury solution for the 
next and succeeding dressing (1 to 4000). If too strong, the heal- 
ing granulations may be retarded. • 

Home Made Aseptic Gauze. — Plain aseptic gauze (absorbent) 
may be pre})ared at home, by the following methods: For each five 
yards of ordinary cheese cloth use one-quarter pound common wash- 
ing soda to sufficient water to cover llie gauze. Boil for one-half 
hour and , rinse iu several changes of water to remove* thg soda. 
This process removes the fat or oil from the fabric and makes it 
absorbent. After it has been dried it is cut into suitable ^izes — 
strips one yard long and four inches widt* are convenient. The 
gauze is sterilizcnl and packed J’cady for use in the following man- 
ner: Screw top jars witli caps are placed in a large bread pan, 
and tlio gauze is arranged loosely in the other end of the pan. 
Place in the oven and bake until the gauze begins to scorch 
slightly. Pemove the i)an and all to a table and while hot pack 
the strips into the jars. Use a pair of forceps or long tweezers 
aiul a short wire for tliis puriwse. Tl>e tips of tlie tweezers and 
wire sliould*be made sterile by passing through an alcohol flame 
several times, or they may be sterilized by baking Avith the jars 
and gauze. Heal tlie jars and you have a good supply of aseptic 
gauze ready for instant use. "When using the gauze it is well to 
remove tlie strips with a pair of tAveezers, tlie tips of Avhich have 
been sterilized in an alcohol flame. This avoids possibility of con- 
taminating the gauze left iu the jars. A quick convenient alcohol 
flame may be had by saturating a small pledget of cotton in the 
mouth of a bpttle. 

Moist bichloride gauze, which is expensive to 1 uy, yet invalu- 
;ible in case of accident, is made as follows : Prepare and pack the 
gauze as above. Then pi’cpare a 1 to 10(10 solution of bichloride 
as just explained (liurniiig out the pan with alcohol and using 
bo’iled water). Ponr this solution over the gauze in the jars until 
it is thoroughly saturated and tillow it to stand for 24 hours. Pour 
off the excess’ and seal it air-tight. If dry bichloride gauze is de- 
sired prepare the gauze as above, dry it thoroughly in the oven and 
repack. However, the moist gauze is to be preferred. In using 
this gauze observe the precaution stated above, i.e., use weaker 
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antiseptics after 24 honrs and. for subsequent dressing. Moist 
picric acid gauze for burns may be made and kept in a jar for im- 
mediate use as follows : Prepare and pack aseptic gauze, as above. 
Prepare a picric acid solution in the manner described (1 to 200) 
and pour it over the gauze. Let it stand and then pour off the 
excess and seal it air-tight. 
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Wiped rloint — Eunns of Keys — Ifow to Make. Keys and Keywajs — \\'«)od- 
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Holes in Ola.ss — ^Making a Magnet of a EiJe — Peculiar Cause of Knock 
ing — Rust on Tools — Screw (’iitting Gears — Re^^toring Dull JVdished Iron 
or Steel — Speed of Grindstone — Cleaning Brass Castings — Pipe Joint 
C’eineiit — Drilling Hints— Body Polishes — Care of Tops — Leather L^phol- 
stcry- -Cloth Upholstery. 


^ Hacksaw Blade Reflector Useful. — Wlion sawing metal with a 
hacksaw^ and trying to saw^ it to a line which has been scribed on 
the surface the task is found very difficult unless Lhere is good 
light. A workman in a shop where the writer w^as employed made 
a reflector for his saw so that it could throw a good light on the 
work. A round disk of brass w^as made as shown at Fig. 468, B. 
The disk was fumed so as to have a collar at the back ; a slot was cut 
i through the center of disk so that it could be slipped over the saw. 
A %e-inch set screw in the collar served to hold the disk in place 
while in use. Some white enamel was spread over the face of disk 
to provide a good reflecting surface. A better reflecting surface 
would result if the disk W-ere nickel plated. 

► 959 
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Holding Polished Pipe in Vise. — A very good way to hold pipe 
or rods having “a. polished surface is to sprinkle dry plaster of Paris 
on heavy paper and roll in this paper the article to be held, having 
plenty of powder between the paper and the polished surface. 
Place the roll between blocks of wood having hollow faces and 
clamp fifuily in an ordinary bench vise. When removing the paper, 
if the plaster adheres to the jnpe in hard cakes, do not scrape but 
wash the surface in clean water, which will loosen the plaster and 
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leave tlie pipe in perfeot condition. Another method is to place 
the pipe b(?t\vccTi pieces o.E lead sprinkled with* plaster, and use 
a i)ipe vise for a clamp/ A means often employed by mechanics 
wlio handle ijuaiitilies of polislicd i)ipe is to^face the hollowed wood 
blocks with soft felt, which is sprinkled wdth crocus or X)laster*of 
Paris to increase the friction. The method is show^i in ^jketcli Pig. 
468, D, which is self-explanatory. • 

An Easily Made Soft Hammer. — A soft hammer often comes 
in handy arountl an automobile w’hcrover heavy driving is to he 
done on metal tliat must not be marred or scratched. Nearly every 
antomobilist earric's a hammer of some sort around and is there- 
fore loath to b(‘Iieve that another hammer, even a soft-face one, is 
a necessity. \Vhenev(‘r metal ])arts are to be protected he protects 
tlie driven pi(*ce witli w’0(k 1, leatluT, or otJier soft substance. There 
is nothing handier, liowever, than having a hammer that is soft 
and various types have been made for different kinds of machine 
shop usage, some out of all-metal from pipe and pipe fittings and 
others similar to the omi in P’ig. 468, F. To make. this one, use an 
ordinary gas ])ii)e that will easily slip over the head of tiie hammer 
ami cut oft* a suitable letigth so that when finislK'd and assembled 
tile jiroportioiis will lx* about as indicated. SaAv out any number 
of V’s from the pi[)e so that wdien tlie t(‘eth are Ixmt inward a 
spring is formed that will snugly catcli tlie hi*ad of the hammer. 
After the V's are cut out of the pipe, slip the ])ipe over the- head 
and arrange for pouring the lead or babbitt. The mold is easily 
made by snlnnerging nearly the wdiole hamm(*r in sand or by filling 
the space between the pijie and hammer head with putty. Part 
of the hammer iiead should he surrounded with the poured metal 
in order to insure a good, close fit, but the fit must not bo too close. 
I.t is w’cll before jjoiiring, to w rap a single thickness of paper around 
the bead, holding it in place with thread or string. Lastly, bend 
the teeth to produce the spring-locking effect and you have a nice 
serviceable liainmer. As soon as the face is worn it is a simple 
matter to repair it by melting out the soft metal, and remolding it. 

Straightening Shaft on Planer. — Tt is sometimes possible to 
straighten a long shaft or tube, such as a propeller shaft or live 
axle on a planer bed if no straightening machine is available. The 



962 


Automobile Repairing Made Easy 


method is clearly shown at Fig. 468, A. The sliaft is placed on the 
planer bed resting on wood blocks supported by that member. A 
screw' jack is placed between the planer head and on the bent por- 
tion of the shaft anti pressure is tlius easily exerted to straighten 
the defective axle. This is so placed that the high i)oirit is directly 
under the jack so that the pressiii*e exerted l)y that member will 
tend to bfing the shaft or tube back in line. 

Holding Small Work Without a Vise. — It is often necessary 
to make repairs on the road and some minor part must be securely 
lield for filing or other fitting which is difficult to do if a vise is 
not available. A sini])le method of holding a k^y or j)iTi or similar 
small pai*ts is sliow'ii at Fig. 468, C. A large monkey wrench, w'liich 
is included in most automobile tool kits, is used as a vise and while 
it is difficult to secure the i>roper degree (»f clamping i)ressure by 
the movable jaw adjusting screw alone, sufficient pressure to liobi 
tlie key Si'curely may be easily obtained by i)lacing a boll between 
tlie wrench jaAvs and the piece to be held in tlie manner iiulicated. 
C()iisid(mablc pressure may be exerted by liolding the bolt head 
from turning Avitli one wrcmch and serewdng the nut at the end of 
the bolt out against the fixed wTcnch juAV with another wrench. 
If it is desired to hold a round piece a shallow groove may be filed 
in the bolt bead to prevent it from slipping from the w^ork. 

Holding Small Work in Vise. — ^^Vhon filing small screws, bolts, 
or pins that would be difficult to hold in a vise on account of dan- 
ger of marring the surfacies the best method is to drill holes in a 
wooden block to receive the screw and cut a slot from the end of 
the block dowm to the hole. When the vise jaw^s arc tightened up, 
they clamp the piece firmly and it may be filed witli ease as indi- 
cated at Fig. 468, E. 

Bemoving Keys. — On a number of cars of early vintage, such 
as the double cylinder Maxw^ell and on many marine engines, the 
flywheel is held on the crankshaft by means of jib keys. When 
it is desired to remove the flywheel as is necessary to withdraw the 
cranksl)aft from the engine base when rebiishing the bearing, dif- 
ficulty is sometimes experienced in removing the key. A very ef- 
fective method of accomplishing this is shown at Fig. 469, A. The 
key extractor or puller is forged of steel as indicated having two 
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hooks at the ends formed on curves of different radii. The one 
having the more gradual curve is used first to start the key while 
the one having more abrupt curve is employed for withdrawing it. 
When the key puller is' placed between the head of the key and the 
hub of the flywheel a cam action is obtained by which tlie pre.ssure 
of the hammer blows on the other end of the key puller is increased 
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Fig. 469. — A — Removing Jib Key. B — Method of Truing Crankshaft. 
C — ^Repair of Gear Case with Babbitt Metal. D — ^Use of ** Putting- 
On” Tool. B — ^lUuhiinated Magnet. 
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many times and the key easily started. If the key' is rusted in place 
or if it has not been removed for a long time it may be found desir- 
able to heat the end of the shaft with a blow torch or to soak the 
rusted parts with kerosene. 

Truing Crankshaft. — The method of liolding a crankshaft when 
it is desired to true the crank pin journal shown at Fig. 469, B, is 
a very practical one and is followed by a number of mechanics 
when Overhauling an engine. The journals are often not roughed 
up enough to warrant dressing them down in a lathe, so the crank- 
shaft may be securely clamped in a vise between wooden blocks 
and the journals dressed down with strips of eimuy cloth or wdth 
a leather belt or strap covered with oil and abrasive material: 

Bepair of Broken Gear Case. — An emergency repair of the 
gear case that has been injured by a nut falling between one of 
the gears and the bottom of the case is shown at Fig. 469, C. The 
repairman who made this repair did not have an autogenous weld- 
ing outfit so the hole was filled up with babbitt metal as shown. 

A Putting-on Tool. — How often at some time or other, have 
mechanics wished for something in the way of a jmtting-on tool! 
As it is always easy if a piece is too large, to remove metal in 
order to bring it to pro[)er size this proposition docs not worry even 
the poorest mechanics. But what is to be done if the piece is too 
small? A common method and a brutal one is to take a center 
punch and upset the surface of the metal, in order that it shall be 
a tighter fit in the hole. A bushing or a rod, if not loo small, is 
often treated in tliis manner, and may be forced into the hole. A 
more efFective method of ‘‘putting on" is by means of a common 
coarse knurl, knurling the bushing the entire circumference in 
several places. This will have the effect of expanding the outside 
diameter almost of an inch, if desired, and is much neater and 
infinitely superior to the use of prick punch marks, which is an 
unsightly and unreliable method of increasing the effective diame- 
ter. The great advantage of knurling is that the metal is equally 
and uniformly expanded, does not look bad if for any reason the 
bushing or rod is withdrawn and what is more important for any- 
thing that must ))0 a tight fit, it will never work loose. 

Illuminated Magnet. — An electric searchlight and eleotro-raag- 
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net has been brought out by an English concern and should prove 
a useful tool in repair shop. It consists of a handle, on one end of 
which is the magnet, while above the latter is an electric bulb which 
sends light through two windows, as presented at Fig. 469, E. A 
flexible cord passes through the instrument and is attached to a stor- 
age battery or dry cells. The magnet is utilized to pick up nuts, 
bolts or pieces of uietai that may drop into the crankcase or other 
places not easily reached by band, and is said to be sufficiently 
powerful to attract a good sized wrench. The light facilitates find- 
ing the i)art.s, iiiay be used to ascertain the amount of gasoline in 
the fuel tank or lubricant in the crankcase and to inspect other 
])]aees. Tn additicui to being bandy in the garage it could be in- 
cluded in the tool e<iiiipment of a car and used in connection with 
the roadside repairs. 

Simple Priming Device. — Several simple priming devices may 
be constructed by anyone of average mechanical ability to facili- 
tate motor starling in cold weather. One such equipment is shown 
at Fig. 470, B, and comprises a dash priming cup, tubing con- 
necting it with the intake manifold, and a spraying device, which 
is showui separate in the drawing. It ivill be noted that the last 
named member is perforated. To utilize the primer a little gaso- 
line is poured into the cup on the dash and the lever turned slightly 
to admit the fluid, also a little air. The fuel flows through the tube 
to the perforated member, and upon cranking the engine, the air 
drawn in through the carburetor and petcock breaks up the fuel,, 
converting it into a rich mixture. It is stated that the motor will 
start on the second or third crank even in the coldest weather. The 
material required to install the primer consists of a petcock, which 
is secured to a plate on the dash ] a connector having a tubing and 
a pipe thread end, annealed copper tubing, and a union,. 

To the last named is soldered a piece of brass tubing which ia 
drilled full of No. 62 drill holes. Its length should be approxi- 
mately that -of the diameter of the intake pipe into w’hich is in- 
serted by drilling and tapping a hole. The manner of installing 
the parts is clearly depicted in the drawing. It is stated that the 
equipment described can be made at a slight cost. A simpler in- 
stallation is showm at A, this consisting merely of a petcock. 
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threaded into the intake manifold. It liais the disadvantage that 
it must be reached to be filled by raising the hood. The owner of a 
model T Ford states that he has obtained increased mileage by the 
use of the primer, as the petcock on the dash may be opened to 
admit auxiliary air. In average running in warm weather he has 
secured 2G.5 miles to the gallon, and 32 miles in long trips. 




Fig. 470. — A--Simple Priming Device. B — Simple Priming and Aux- 
iliary Air Device. C — Coal Gas and Air Mixer. D — ^Method of 
Warming Carliuretor. B — Emergency or Fuel Pipe. 

I 

Coal Gas for Testing Engines. — Tlie Willys-Overland Co., 
Toledo, Ohio, uses city gas for testing and “running in'' engines 
in its testing department. The company has constructed a special 
mixer wliieli fits the inlet manifold and takes the place of the car*-* 
buretor. This i.s shown at Fig, 470, C. The housing is a cast iron 
cylindef* having a threaded boss on one side for attaching to the 
pas supply at A. Level with the gas inlet are two air ports, B. B. 
Threaded into the bottom of the liousing is a plug, the object of 
which is to rotate a sleeve immediately above it around in one 
direction or the other as may be required for the adjustment; this 


Hints and Kinks 9Qf 

sleeve is connected to the threaded plug by two sliding keys (not 
shown in drawing) . 

Running through Ihe plug is a rod threaded at the upper end 
which permits of the sleeve being raised and lowered as may be 
required, but whicli will not rotate it on account of the sliding 
keys that move up and down in corrosponding slots in the plug; 
the j)lug is locked in position by llic sere w, C, When sdtting the 
mixer in testing an engine, the sleeve is first rotated by the plug 
-to obtain the correct proportion of gas and air, nsually to a posi- 
tion as shown in section Ax\. Note that the gas supply is con- 
siderably smaller than the amount of air allow(?d. When this ad- 
jnstmciiL is made, the plug is locked by screw C. Then the speed 
of the motor can be r(‘gulated by raising or lowering the sleeve witli 
the threaded rod rmining through the plug. This makes a very 
shiii)lc and inexpensive device which is entirelj^ saLisEaetory. Be- 
sides saving fuel, it does away with ilie danger from split gasoline 
in the test shed. 

Stopping Fuel Pipe Leaks. — One of the simplest emergency 
methods is to utilizer a section of rubber tubing wliich is slipped 
over the metal pipe, but if the break be in the center of the line 
the vibration would tend to chafe tlio rubber. The latter should 
he braced by splints and the manner of attachment is shown at 
Fig. 470, E. Where this is not obtainable a repair may be made 
with ordinary friction tape. Strips of wood are laid lengthwise 
on a first winding of tape and in the same direction as the line 
and the outer tape wound as depicted at B 1, being tied with twine. 
The wrapping should be snug where the break occ irs to prevent 
leakage of the fuel. A small crack may be treated in a similar 
manner or by using soap and tape as the former is not affected by 
gasoline ; in fact, a piece of this material is invaluable in the tool 
kit. Shellac may also be used in conjunction wdth tire tape. A 
piece of rubber hose from the acetylene gas line may be used to join 
the broken pieties of tube temporarily. 

Warming Manifold for Easy Starting. — One finds numerous 
instructions for easy starting of a gasoline engine under conditions 
of low temperature wdicn tlic gasoline (loe.s not evaporate readily. 
Some ill advised writt?rs have recommended the use of liot cloths 
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heated by being saturated with boiling water, otliers liuve been aJ- ^ 
vised to heat tlwj manifold with an ordinary blow torch. The ne- 
cessity of keeping the naked flame away from gasoline is apparent 
to any one familiar with this li(juid and it is also evident that 
Fatcr dripping from a saturated cloth in through an auxiliary air ^ 
valve so it would get into the carburetor mixing chamber would 
cause^ considerable trouble on account of being matter out of place. 
An excellent method of heating a carburetor or manifold without 
any danger is to use a tube of cloth or long bag which is filled with 
sand and jdaced in an oven after which it may be wrapped around ^ 
cither the carburetor or manifold as shown at Fig. 470, D, without 
any danger of lire as is .present when a torch is usi^d or getting 
Vvater into the carburetor as is possible when wot ehdlis are em- 
ployed as a heating medium. 

The Use of the Tap. — The true mechanic can always he knouu 
by the, way he uses his tools, and care must always b(‘ taken that 
' the right way is emi)l()yed, because improper use has shortt'ued the 
jJife of many good tools. Taps and dies are eomnioiily a])used, and 
•often broken. You w'ill never see a thorough mechanic using a 
' monkey wreneh on a tap. lie will tell you that there is a one-sided 
force against the tap, especially if the metal b(ung thre^aded is at 
all hard, that will invariably break the- tap. It is obvious tliat the . 
wrench supplied and called the tap wrench is all that should be 
used for this purpose, as both its arms are of equal lengths, and 
there are no bending strains against the tap. Then there* is the die ; 
fortunately most of these are used with the proper liolder, known 
as a die stock, and tliey are not as easy to break as the more fragile 
tap. The end of the blank rod which it is desired to thread should 
be carefully filed or turned to a slight taper, so that the die will 
fit it with ease, and have a chance to start. Tlion care must l)e oh- * 
served to prevent wabbling of the die, which might break some of 
the Cjiitting teeth, or would cut a very inaccurate thread. AYlien it 
is desired to cut threads to a shoulder the die may be used the 
regular way as far as possible and then reversed, which will cut 
threads right to tlie shoulder. Never try to start a die with the 
reverse side, because it will be practically impossible to obtain a 
good thread. 
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I Fig. 471. — A, B, C, D — Illustrating Use of Tap. E — ^How to Remove 
^tuds. F, G — ^Placing Nuts and Bolts in Difficult Places. H — How 
to Remove Stubborn Nut. I — Easily Made Thumb Nut. 

Tlio care to be used with a tap or die varies according to tlic 
malerials to bo threaded. If cast iron or brass be tapped, a mini- 
mum of the lightest cutting oil should be employed, whereas 
wrought iron or steel will require tlie constant use of a cutting 
oil. Never use machinery or cylinder oil with a lap or die ; lard oil 
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sliould always be at hand for this use. In iron or steel the tap 
should be worked in t^ently, and with quarter turns backward and 
forward as soon as it l)egins to take hold. If the hole is deep, care 
must be used and the tap removed occasionally to clear it of chips. 
Tap sets ani usually composed of three of each siz(;, two of w'hich r 
have an appreciable taper at the end, the otluT is the same size all 
the v:ay, and is slightly chamfered at the end. That with tli ' 
greatest taper or '^leading '' tap is used first, followed by the next 
one, which is known as the No. 2 or [bllowiiig' ' and last of all 
the No. 3 or ‘'bottoming” tap. The bottoming tap should never n 
be used except after both of the others have l)(‘eu used as far as 
possible. A bottoming tap is vcTy useful to clean out or enlarge a 
thread that is already tappcnl but which may be. a trifle small. 

Some Thread Cutting Kinks. — The rei)airmaii often lias occa- 
sion to cut left hand threads in nuts or on holts and it souu'timcs 
lia])pens that a left hand tap or die is not available at the moment. 

A right hand tap can be used to thread a rod to make a bolt or 
for tapping a nut with a left hand tlir(*ad by observing a few sim- 
ple precautions. The illustration at Fig. 471, A, shows how to 
thread a rod with a riglit hand tap so it will a(it in the same way 
as a left hand die. Two holes are drilled in a piece of hard wood 
in such a manner that tliey cut into each other, the size of the hol(i 
being equal to llie diameter of the piece to be threaded. The tap is 
screwed into one and held rigid, the other serves as a guide for 
the bolt or rod upon whicli the threads are to be cut, causing it 
to bear against the outside cutting edge of the tap. By turning 
the rod in a left han<l direction a left hand thread will be cut, both 
the pitch and cutting edge of the tap being true (mough for this” 
purpose. Parallelism of threads will depend on the operator. ^ 

When the tap is to be employed in tapping out a nut, the altera- ^ 
tion shown at Fig. 471, B and C, is necessary. A four-fluted right 
baud tap is changed into one having but two cutting edges by 
grinding off two of the flutes. On considering the wnaining two 
cutting faces, it will he seen that the point of the thread on one 
side is on a line witli the bottom of the tlinhid on tlie other. This 
form of tJip will cut either right or left hand threads depending 
uj)on the direction of rotation. Steel and brass, as w(‘ll as cast 
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iron, have been lapped siicecssfiilly by this method. After a nut 
is tapped, should it prove too small for the bolt jt is iuteJided to 
fit, it may be easily made larger. A small i)ieee of tin is placed 
over the end of one of the fiutes of Ihe ta}), as shown at Fig. 471, D. 
The tap is “run through’’ again and it will be found that the piece 
of tin crowds the lap to one side and cuts a considerably larger 
hole than before. If the iiul should not junve large enough, an- 
other piece of sheet metal may be placi-d over the first one, which 
iias assumed the contour of the threads. 

Removing a Stiid. — Nothing marks the slovenly niecihanic more 
than the methods he (unploys in performing his work, as well as 
the nse of the iinj)roper tools for dilferent operalions. He will 
cheerfully use a screw driver as a cold cliisd or a mordcey wi'cncdi 
as a hammer, with hut little care of the consctpienccs, both to the 
lool and the work. It is this class of “mechanic?*’ who will use a 
StiUson or pi])e wrench u[)on a stud in essaying to remove it from 
tlie work, marring the ai)i)earance, as wtdl as often destroying its 
usefulness hy ijijiny to the threads. Two methods are show/i at 
Fig. *471, F, of removing a stud without damage to any part, the 
siinjilest being by the use of two nuts, the- more mechanical by 
means of a simple; device or lool. Where two nuts are employed oni? 
is used as a ch(*ck or lock nut for the other. Tim two nuts are 
tightly locked to each other and tiie pressure to remove the stud 
is applied to the lower one. It may bo Jie(;essary to liold the top 
nut by moans of another spanner or end wrench to prewent it turn- 
ing upon the stud instead of with it. 

A very (‘fficient and simple device for removing studs may be 
made by any ordinary man familiar with the Uh,e of tools. This 
consists of a body C which may be made of a i)iece of hexagonal 
or sciuare stock ; either bronze or steel is prefcjrred to cast iron, be- 
c*ause the threads are much stronger in such metals. A hole is 
drilled thix)ugh of ^suitable size and a tap is run down through the 
hole and a suitable thread cut to fit the stud to he removed. A 
cap or set screw (A) completes the device. To use, the body is 
screwed upon the stud for a certain distance and the sot screw is 
then screwed tightly against the end of the stud. If the body is 
made of round stock, flats should be filed on the sides in order to 
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Hiolil a wrench. If square slock is available, it will be j) referable. 
This device is very handy and should he made in several sizes, for " 
the various stafidard stud sizes wliich are inaslly used in mechani- 
cal work. A set should form part of every incclianic’s personal kit 
beeaus(3 they are inexpensive, and when recpiired are worth their 
'%vei^ht in s^ld. 

Removing^ Stubborn Nut. — While a stubborn stud or sheared 
bolt Is difficult to remove, oiui can usually unscrew a nut witliout 
iniich trouble, even if it lias become more or less rusted in iilace. 

A j^ood nie.tliod to take ott* a nut that seems to resist being; parted 
from its stud or bolt more than usual is to heat an open spanner ' 
that fits the nut and let it rest against tlii‘ nut for a few minutes. 
The heat will sometimes exi>aTid the nut without iiroduciiig corre- 
sjioiiding expansion ut' llic l)olt and it may be uaserewed. The 
spanner or ejid wreJieU may he healed in a blow lamp flame, and 
vhile tins kink is very old it is not generally known. One should 
not heat H hardened wremdi or an adjustable member as it may be 
rendered unfit for use. The blow lamp flame should not b(» applit‘d 
to tlie nut direct because the bolt will be heated anci will (‘xpand 
as well as I he. nut. Kerosi'iu; may be poured around the threads 
with good results, especially if the nut lias rusted in place. Several • 
alternate heatings and applications ol kerosene oil may he needed 
before tiu) nut is loosened and if it siill resists, a light tapping wiih 
a hammer on all the facets while it is hot may assist in having it 
become looser on the threads 

Use of Nuts and Bolts. — Most of the parts of the motor car are 
held together by wdiat is known as a bolt and nut, especially if 
the component is one wdiich must be removed from time to time 
for inspection, adjustment or repair. There is no part of the car 
which is subject to more abuse than the bolts and nuts, and these . 
parts are often damaged by carelessness or ignorance so that new 
ones must be used. This is not a serious matter if the bolt is 
a standard form, but if a special size fitted with an odd thread, 
it must he evident that a new. one can only be obtained from the 
factory or made at the local machinist’s at some expense. If diffi- 
culty is found in causing a bolt used to hold together two parts to 
fit the holes with ease, the chances are that the two pieces are disr 
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placed angularly, and one slionld not attempt to put in the bolt 
brute force. A good plan is to use a taper punch, smaller tiian the 
bolt at tlie point and larger at the otlier end, tlds is first driven 
into the hole, fuid tends to’bring the parts into proper alignment so 
that the bolt may be easily inserted. 

IMaJiy bolls and studs and their nuts are damaged by cartf- 
l('ssn(‘Rs in starting the nuts cross threaded, and th<m usin^a wrench 
to forcibly turn tliein on. Nuts should be carerully started with 
tlie fingers and one should ascertain that the threads engage prop- 
erly la?rore prt'ssiire is applied. Bolts are very often spoiled in 
driving tluuri out from the ])art.s in which tiny are located. If 
tiny do jiot si art readily one is often temj>ted t(^ use a liaminer 
upon tln*ni, with tin* result tliat the ends of the threads are burred 
<»^(T an<l one has troul)le in replacing the nut. A stick of hard 
wood, a pi(‘ce of fih(‘r, or a junk of soft brass, chopper or lead should 
be iu1cr[)Osed b(‘lw('c)]i tiny hammer arid Ihe end of the bolt !(► pre- 
\cnt damage of this kind. Most mechanics have either a lead or 
eoj)per hainnnT for this pur})ORe, and the writer has seen motorists’ 
kits wliieh had this usel'ul tool, or its eiiuivalent, a wooden mallet. 
There ai'e many uses for such a tool, as driving on or off the various 
soft parts, either of ))rass, ahiininum, or east iron, wdiich would be 
denied and dauiag(Ml by the steel hammers generally used. 

Starting Bolts and Nuts in DijBicult Places. — Recently while 
working on an automobile it w’as found difficult to get a bolt started 
in its place, and wdicn the writer had about decided to remove other 
parts to enter the holt, the following scheme of overcoming the 
difficulty was tried. A piece of wire w^as procured and one end 
lightly s^)ldered to the holt head. This served as a handle for 
placing the bolt and was easily removed by giving the wire a few 
turns. The same means can he used to enter bolts and pins in 
jdaces not easily accessible, the time of preparation being small as 
compared with the practical value of the device. (See Pig. 471, 
G.) A simple method of starting a nut is shown at Fig. 471, P. 
The holder is^ made of sheet metal, rolled into a tube. A nut is 
then inserted in one end and the metal hammered to the shape of 
the nut. Any length of metal can he used, as desired. In use, the 
shaped end of the metal is slipped over a nut and a slight pressure 
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suffices to ser( 3 w it down over bolt. For starting nuts on the end 
of a bolt in a loj^iation not easily reached with a wrench the simple 
tool shown at Fig. 481, II, will be found valuable. This is made 
of steel and has a projecting lip against which a drift may be 
placed at 11 3. The nut may be started by hammer blows with- 
out damage. Burred threads on a bolt may be cleaned up by using 
an exteiriporizcd die made from a nut of the proper size as at II 1 
by cutting a series of three grooves in tlie tln*eads with a three 
cornered file to provide cutting clearance and tlieii case-hardening 
the nut interior. 

Forming Bod Ends. — ^lany of tho^ minor control rods such as 
is used for advancing the timer, manipulating the throttle or work- 
ing the muffler cutout are simple steel rods with the ends ])ent over 
to be pushed through the eye of the levers tliey conueet. A simple 
method of making these rod ends is shown at Fig. 472, A. A 
block of steel is drilled with three or four holes to conform to the 
sizes of rod ends most generally used. It is w^ell to have the holes 
about one sixty-fourth inch larger than the rod size. The w’riter 
would advise making holes, onc-eighth inch, three-sixteenilis inch, 
quarter-inch and five-sixtecntliKS inch in the block. Wlum making 
the rod end, the block is held in the vise and the rod, wliich is either 
Norway iron or mild steel is thrust into the block to the desired 
depth and then bent over with a hammer as indicated. In bend- 
ing the rod this should be done slow^ly and with as much care as 
possible and the rod should preferably be heated to a red heat be- 
fore bending. 

Winding Springs in Vise. — Small springs are often needed in 
repairing automobile parts and in some cases a spring winder or 
lathe is not available for making the spring. The illustrations at 
Pig. 472, B, are reproduced from a recent issue of ]\Iachinery and 
the device shown is a very practical one as it uses parts found in 
every garage. A rod A is scdectcd that will give the correct inside 
diameter to the springs. The diameter of this rod must be deter- 
mined experimentally as there must be some compensation for the 
enlargement of the spring when released. This, of course, means 
that the rod must be less in diameter than the inside diameter of 
the finished spring. The rod is bent at one end to form a crank. 
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Fig. 472; — A — ^Method of Forming Bod End. B — ^Winding Spring in a 
Vise. C — Cutting Sheet Metal. D — ^How to Make a Wiped Joint. 

A hole 0 is drilled near the crank end which .shonM he large enough 
to allow the ('iid of the .si)riug wire to enter. The tool is clamped 
between the vise jaws B and the wood blocks D. The rod A should 
J)(‘ clamped with the crank as close to the blocks as possible with 
the wij‘o in a vertical position. As the crank is turned, a groove is 
(lit into the wooden block wliich acts as guide for the wire D, the 
number of toils or pitch of the spring being determined by the 
amount of inclination of the wire. The greater the inclination the 
wider the spacing. The first turn of the crank must be very care- 
fully made as it determines the pitch. 

Cutting Sheet Metal. — When a strip is to be cut from sheet 
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inotal. insload of layinj^ the sheet down on an anvil or 1)ench plate 
and (*iittjnf>: withia chisid hy hammorin" against the eliisel which is 
l?laced vertically in respect to the block the method sliown at Fig, 
472, i \ is i*ecoinniendcd. This gives a sliearing cut whicli will make 
a^nioother edge and not bediahle to damage the edge of tlie cliisel 
as is (iotie when that tool is driven through the sheet UK'tal and into 
the hacking block. The piece of slieet meta] to l)e cut is clamped 
betw('en tin? .iaws of the vise, just enough of the uietal being al- 
lowed to project above the vise jaws as corresponds to the width 
of the piec(' to b(J cut. By cutting with a shearing action ij) the 
manner indicated it will be possible to cut off the strip smootldy 
witli very liltle exertion and without damaging the chisel edge. 

How to Make a Wiped Joint. — Tlie wiped Joint is a foiaii thal 
is v(U'y popular wiLli plumbers when joining lead pipes, but it may 
also be used to advantage by liie repairman in making joints in 
the copper tubing used for acetylene gas oil and fuel lines and in 
«orne cases the lai*g(‘r cojiper pii>(‘ employed for water manifolds. 
The various steps are shown at Fig. 472, B, the proportions of the 
pipe or tube being greatly exaggerated in order to make tluj process 
clear. The first step is to expand one end of the tube by driving 
ill a small conical expanding tube, taking can* to hold the pipe 
firmly between wood blocks in the vise while this operation is in 
progress and to expand the pipe hy a series of light taps rather 
than heavy blows. If the expanding tool is held too hard it is apt 
to spread the pipe. The end of the tube to be joined with that 
one wdiicli lias b(*en previously expanded is filed down tapering in 
order to fit the ex]mnded section of the other piece. The jiarts are 
wtU coated with soldering flux and molten solder is poured on the 
joint from a small ladle, this being wiped by a pad of felt which is 
well waxed and which is used to wipe the molten metal into a 
symmetrically shaiied mass to form the substantial joint as showm 
in the- sectional view’^ at the lower right hand corner of the illus- 
tration. If care is taken to have the pieces of pipe cleaned before 
they are joined and to have reasonably close fits between the male 
and female taper a very satisfactory joint may be made with a 
little practice. 

Forms of Keys. — Many parts of automobiles wdiich must be 
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roirioved from lli(‘ picecs to whiidi tlu-y nro fnstojiod and by which 
they are actiialcd fire held l)y a method of fastening called* ‘^key- 
ing.’' Various forms of keys arc shown at Fig, 478, that at A be- 
ing a foj'in made from ordinary k(‘y stock which may have cither 
minded ends or s(|nare (mds dc^peiiding upon wJiether the key is 
to bo set ijito a. keyway nia(4iiiu‘d into tlie ei‘nter of tlfc shaft or 
at one end. If the keyway comes in the middle of the 5liaft, a 
round end key such as shown at A is gioierally iis(‘d. If the key- 
way is at the end of the shaft, the key is apt to be a form having 
grjiiare ends. Key sfo(‘k is procured in various standar<i sizes and 
is Osually made smo<»tli i‘nougii when manufaetured so that no great 
amount of fitting is ui'eded to iiisr-rt it ui tlie keyway. The key 
shown at H is knoAvn as the Woodruff key and is a very popular 
form in automobile const rind ion. It is eommoiily used for seeuring 
such j)arts as gears, cams, and rocker arms to shafts. Tlie taper 
pins shown at C is a favorite method of retaining brake actuating 
and control levers to the shaft operating llieni. The straight pin 
shown at D may be us(‘d in two ways, it may be driven entirely 
through the shaft and the hub of the \o\w and then headed over 
or it may be driven into a drilled hole which is made after the 
gear or piece it is to hold is in place on the shaft, ther hole being 
drilled in such a way that half of it is in the gear and the other 
half in the shaft. The use of a taper pin is clearly shown at F 
wdiile that of the round j)in or key shown at O is outlined at G. 
The half round key way for the ’Woodruff key is shown in the taper 
end of the shaft outlined at E as is the method ( f making a tem- 
plate to obtain the radius of the Woodruff keyway wlien it is de- 
sired to fit a new Woodruff key or to determine the size of the 
key way if the old key is lost. 

• The method of making the tap^r pin lock is a simple one. A 
straight hole is drilled through the\^»ss of the lever and the shaft, 
the drill size being the same as that of the small end of the taper 
pin. Taper reamers may be obtained to conform to the taper of 
the standard taper pin and these are employed to produce the 
correct taper in the straight hole in order that the corresponding 
taper pins may be a tight drive fit in both shaft and lever boss. 
How to Make Keys and Keyways. — The method of laying out 
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a keyway when the rounded end key shown at Fig. 473, A, is to be 
placed in a shaft Is sliowri at Fig. 474, A, The outline of the key 
is scribed on the shaft, care being taken -to have the curved end 
a half circle whose radius is equal to half the width of the key. 
F^r example, if tlic key is supposed 1o bo one-quarter inch wide 
and two injdios long the first ox>eration will bo to describe a straight 
lin(‘. al(>:ig the shaft and to indicate thereon the useful length of 
the key which is that of the straight portion by center i>nnch 


Fig. 473. — ^Forms of Betaining Keys and Their Use. 

\ 

marks on the line. The dividers are then set to orie-oighth inch 
radius and circles are drawn using the piincli marks as centiU's. 
The sides of the circles are then joined by lines parallel to the 
center line. . The next operation is to drill a series of quarter inch, 
holes into the shaft as sliow’n at Fig, 474, B. These are cut out hy 
means of chisels such as showm at Fig. 474, C, The operation is 
started witli a narrow chisel, followed tlirougli with the medium 
w’idth chisels and finished off with the wdde one which is accurately 
ground to the correct width of the keyway. A i)iece of quarter 
inch keystock is then obtained cut to the proper length and the 
ends rounded off with a file or on an emery wheel, to conform to 
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ihe shape of the kcyway. The method outlined is of course, used 
only where regular keyway cutting macliinery ig not available, as 
would be the case in a small repair shop where milling machines 
or shapers are not included in the machine tool equipment. The 
method of making a keyway in the end of the shaft is similar JLo 
that for making one in the middle of the shaft except that it is 



Fig. 474. — ^Methods of Cutting Keyways in Shafts Tlthout Machine 

Tools. 

much easier to chisel out the keyway with a cape chisel and finish 
"it with a file as shown at Fig. 47# I). 

Tlie Woodruff key may be obK ned in a wide variety of sizes 
and in difl'erent materials. It is a very simple form to make if a 
key of the right size is not available. A very satisfactory Woodruff 
form key may be made from a bar of round stock of the desired 
material and radinS as iiidicatqd at Fig. 475, in vic’ws A to F, in- 
elusive. The first sfep is to saw into the end of the rod as shown 
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nt^A, then to cut into the side of the rod with the saw as shown at 
H, this permits the ])iee(i of stock to break away as shown at C. 
(>f cours(i, tho key is ont wider than the keyw^ny it is to fit as well 
as longer than llie regular size key. Tli‘e operation of filhig the 
sides and face to produce the finislied key sliown at F is clearly 
(iitllined at J) and E. Tlio keyway for a Woodrulf key can be made 
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Fig. 475. — How to Make a Woodruff Key, Cut the Keyway and 
Method of Using. 

only by a special milling cutter made for the purpose. It is not 
necessary to have a milling machine to use this milling cutter as 
very .satisfactory results eaii be obtained by putting it in a latbo 
or drill press chuck, Tlie depth to which the cuttcT is fed into 
the shaft is clearly shown at G. The key is then placed in tho key- 
way as outlined at H and the hub of the part it is to retain is forced 
over the key and shaft as shown in the low^er rigljt hand corner of 
Fig. 475. Care must be taken when fitting aify form of retaining 
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I)in or key to luivo this a tight fit in its keyway as if keys are fitftnl 
loosely so that some degree of inovi'iuent is permitted betw'oen them 
and tli(‘ key way and the shaft or the part it drfvos. sidncienl lost 
inolioii may develop so the key will be sh(?ared off. This applies 
('.specially to keys subjected to variable or slmrp loads as in lliosc 
('iii]>loy(‘d for holding flywheels, driving wheel hubs, or transnAs- 
.sion system parts. , 

Woodruff Key Sizes. — Kach year sec^s the use of mere and 
more AVoodrufT keys for fastening gears and similar parts to round 
shafts, for whieli reason the various sizes are of considerable in- 
terest. A table herewith gives the various sizes which are referred 
lo’in the sketch above, the letters in the table corresponding with 
thos(' ill the figure. There are 30 slaiidard and many spi*eial sizes. 


No. of Key Diameter 


Thickoess 


Depth in Gear 


Ijess than 
Diameter 
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These sizes vary from .5-inch diameter and .0625-incli thickness 
up to 1.5-inch diameter and .375-inch thickness. The general shai)e 
of the beys is that of a coin cut into halves, although to be exact 
the half is not complete, as the sketch shows. The key is set down 
into the shaft less than its, full depth by almost the amount of its 
liiickness, so that the portion projecting above the shaft and into 
the gear or other part is nearly square in section. 

Ode great advantage of this form over a square ended key is 
the ease of placement or removal, a slight tapping on one end, caus- 



Tig. 476. — ^Diagram Showing Principal Dimensions of Woodruff Keys to 
Accompany Table of Sises. 


ing the semi-circular form to idse out of the other end of the key 
seat, until it is loose enough to be picked out. 

Nut Locking Means. — There is no mechanism in which it is 
more important to keep the nuts, bolts and other fastenipgs tight, 
than in the automobile, because these are operated at high speeds, 
over rough roads and are subjected to considerable vibration. As 
is well known vibration in machinery causes the various parts to 
loosen. While there are a number of methods of locking nuts and 
bolts to keep them from becoming loose, a practical method for use 
in automobile construction must be such that the nut can be re- 
inoxed when desired without destroying the nut lock. For ex- 
ample, it is possible to lock a nut i^curely by having the bolt a 
little longer than is needed and by riveting tbe projecting end after 
the nut is screwed in place. While this insures against loss of the 
nut it is apparent that when the nut is to be removed, it^is first 
necessary to chisel or file off the riveted portion of the bolt. 
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A large number of practical locking means for nuts and bolts 
are shown at h'ig. 477. The ‘‘Grip nut^' which isj shown at A is a 
supplementary nut of pequliar form which is put on over the reg- 
ular nut. These are blanked out of a bar of steel having an arch 
running through the center and the imt is threaded through this 
arch. When it is screw^ed in place it is deflected by pressure so ae 
to produce a locking friction upon the thread. When screwed 
down tightly it is impossible for the nut to vibrate off though it 
may be easily removed with a wrench. Another device of. similar 
form which is known as the “Ilugtite** is shown at H. This looks 
like a thin nut but instead of having threads there are two tongues 
extending from either side toward the center, engaging the bolt 
threads. These tongues are formed so that when the locking mem- 
ber is in i)laee on the bolt its faces are not parallel to the face of 
the nut as one edge touches the top of the nut and the other does 
not. If the big nut tends to loosen from vibration it will bear 
against the locking member and the friction produced between the 
tongues and the bolt threads will prevent the main nut from com- 
ing off. 

The castellated nut and cotter pin which is shown at C is so 
widely known and used that it requires no description. Lock 
washers have been devised in many forms, typical examples being 
shown at B, I, J and M. These for the most part are made of 
spring steel which must be flattened out when the nut is screwed 
down tightly- Some of these depend merely on spring pressure^ 
though others have barbs or ribs wdiich are intended to dig into the 
nut and prevent it from coming loose. The ribbed washer is put 
in place with the rib uppermost and when the nut is screwed down 
- the rib forces a small part of the metal from the nut into the 
thread and in this way locks the nut securely. The other forms 
such as the “Positive,” “Natiou l,” and “Hobbs barbed” depend 
upon the principle of one point d.^ging into the nut and the other 
into the mental the washer seats on. The “Columbia” lock nut is 
a very popular pattern and is virtually a double form. The nut 
proper is split and tapered on the outside and fits into the hex- 
agonfi outer shell which is tapered inside as shown at E. "When 
the nut is screwed down tightly the inside part sliding on the shell 
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Pig. 477. — ^Nut Locking Means that Have Been Widely Used. 

draws the threaded portion together and forces the threads of the 
nut into a close contact witli the threads of the bolts. One of th\? 
very good features of this lock nut is that it may be easily removed 
wdtli a wrench, yet absolutely cannot come loose or harm the thread. 

Another form of lock nut which is shown at K is known as the 
‘‘ Absolute and works on the principle of utilizing the locking 
properties of a rolling wedge. There is a recess cut in the inner 
surface of the nut in which a locking pin travels, this being of 




such size tlmt when the nut is screwed onto the bolt, tlic angle skfes 
of the locking pin heads fit into the threads of tJie bolt. The flat 
surfaces of the locking pin travel against the an|:le top of the re- 
cess of the nut, rotating in its deepest portion. The top of the re- 
cess is at such an angle that the nut is automatically and contin- 
uously locked against any backward motion which serves to wedge 
the pin more tightly in position. It is easy to take this^iut off, as 
this can be accomplished by inserting a small brad or piece tof wire 
into the recess to prevent the pin from rolling up into the 'small 
I)art of the recess wiien the nut is unscrewed. This nut is more 
practical in the larger sizi‘s tliaii it is on the small size nuts widely 
ustd in automobile construction. 

Another system of locki^ depends upon preventing movement 
of the nut after it has be* screwed into place by a projecting 
tongue beat up against the nut. As an example v/e have the Uni- 
versal’^ washer w^hich is shown at F. This looks considerably like 
a spring washer but differs in that it has a little tab or tongue that 
the nut rides over as it is screwed into place and when the nut is 
tight the tongue sticks up and prevents the nut from turning back. 
This washer is made of hardened steel and has projections on its 
under side to prcvtuit it from turning. Another type of locking de- 
vice that is very simple is the “Reliance/^ shown at G. This is 
nothing more than a plain Avasher with a couple of tongues extend- 
ing from the outer periphery which are bent against the nut and 
the piece the nut hoars against, in the manner indicated. The 
‘^Bartley” lock shown at L has been used for some time on rail- 
roads. This is nothing more than a plate which slips over the bolt 
like an ordinary w*asher and when the nut has been drawn up 
tight there is a little tongue wiiicli can be turiied up against one 
of tlie facets of the nut to keep it from turning. The ‘‘0. K.'' 
•lock nut consists of a spring washer having the end formed to fit 
into little depressions formed in the nut and in a supplementary 
washer which is keyed to the bolt, which is slotted. The corruga- 
tions in the bolt head and supplementary washer prevent the nut 
from turning even if it is not screwed dowm as tightly as is neces- 
sary^ith the regular form of spring washer, 

A form of lock ’which works somewhat on the principle of the 
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c:ast<^llated nut and cotter pin is shown at B. In this method the 
bolt is slotted and a piece of strong and ductile wire is placed in 
the slot, the lower end of which is formed into a washer to fit be- 
tween the nut and the surface through which the bolt is passed. 
When the nut is drawn up tight the end of the wire, which lies 
fnto the bolt slot is bent into one of the castellations of the nut. 
The “Campbell Self-Locking’^ cotter pin which is shown at P^ig. 
477,^0, has been designed to replace the well-known spring cotter. 
This is of such foma that it may be easily inserted in a hole and 
when in place it can be locked by hitting the loop or eye with a 
hammer which drives the short leg down, springing the bent leg 
and forming a very effective lock. This cotter is made of half 
round stock, the same as the ordinaiic type, but has an offset eye 
and the two limbs forming the body of the pin are of unequal 
length. The pin may be easily removed when desired by inserting 
a screw driver blade in the flattened eye and pulling the straight 
leg out of contact with the bent leg which makes it possible to with- 
draw the pin. A method of locking a nut which is sometimes used 
is shown at P. In this a bent x>late liaving a hexagonal hole to fit 
the nut is held tightly at the other end by a screw threaded into 
the piece the nut retains or some other fixed part. This is seldom 
used as it is more bulky and cumbersome than many of the simpler 
lock wasliers described. 

Shop Uses of Arbor Press and Wheel Puller. — One of the use- 
ful tools and one of tlie simplest included in the automobile repair 
shop equipment is an arbor press that can be adapted to a wid“ 
variety of work. A form of i)ress, especially devised for automobile 
repair shop work is shown at Fig. 478. This has sufficient height 
so that long pieces may be inserted between the ram and the bed 
while the supports are spaced sufficiently far apart to make it pos- 
sible to insert relatively bulky articles. The press* is adjustable as 
the bed plate may be moved up and down on the side rails in order 
to vary the opening between the movable member thj^t exerts the 
power and the work holding portion. The press is also suited for a 
variety of macliine shop operations. The view at A shows the 
manner of forcing a driving gear off of the sliaft of a ro'h. As 
will be noted the bed is placed down near the base which makes 
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possible the introduction of the lonj? roller. Tlie gear to be forced 
off is supported by two iron bars which rest on substantial wooden 
blocks carried at either side of the roll. The pressuj*e is exerted 
against the end of the shaft, this forcing tlie shaft from the gear. 
The use of the press in straightening a bent rear axle housing iS- 
shown at B and on front axle work is shown at 1). At C the opera- 
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lion of i^rossing in a bearing cup in a wheel huh is clearly shown. 
The manner in which relatively small parts may be handled is 
clearly outlined at E where a gear is being forced oft of the arma- 
ture shaft ot a starting motor and at F where the constant mesh 
gear is being removed from the countershaft of a gear set. * 

Tl>^ wheel puller is also a very useful appliance, special forms 
suited for repair shop work ar^ shown at Pig. 479, The type 
shown at A is a tsvo armed puller having two sets of arms, the lower 
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Fig. 479. — How to Use Wheel and Gear Pullers. 

• • 

set being attached to the upper arm as indicated. This makes it 

possible to handle work of relatively small diameter that is beyond 
reach of one set of atiiis as shown at B or on work of large diheneter 
that would be beyond the capacity or spread' of the beam when 
used as at A, In this ease a piece of wood is being used as a spreader 
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for the* nrnis. It is j'olativcly easy to move work near the cud of 
the shaft, this involving tlie use of only one set of arms as shown 
at C. The use of llie throe armed imller, whioh is a superior form 
for general sorviee to tliat shown at C, inasmuch as it is not apt to 
rook over to one side or the otlier when the pressure is applied isf 
shown at D. , 

To Make Wood Acid Proof. — Some storage batteries are car- 
j-ied in wood(ni l)attery boxes on cars and annoy tin* OAvnors by 
leaking or slopping of the acid. To make tlie wood acid proof take 
six parts of Avood tar and 12 ])arts resin, and melt them together 
in ai.i iron kettle, after Avhich stir in oiglit parts of finely iiowdered 
briek dust. The surface to be covered must be tlioronghly cleaned 
and dried beftu'e [)ain1ing AviAthe Avarm ])n*paration. 

Sharpening Files. — Tjay dull and Avorn files iu a solution of sul- 
jibnric acid, consisting of one part acid and tAvo of water. Let 
them stand over night, then rinse in clear Avater. Put the acid in 
an earthenware vessel. To resharpen old files Avash th(.*m in warm 
Avater to remove the grease and dirt, then rinse in Avarm Avater and 
dry hy heat. Put pints of Avarrn water in a ^ooden atsscI, put 
ill the files, add 3 oz. of blue vitriol, finely pow^dered, and 3 oz. of 
borax. Mix Avell and turn the files so that every one may come in 
contact wdtli the mixture. Add 10// oz. sulphuric acid and ^ oz. 
of vinegar. Remove the files after a short time, dry, rub Avith olive 
oil, wrap in porous paper. Coarse files sliould be kept in the mix- 
ture for a longer time than tlie fine ones. 

The Cheap Blackening of Brass. — The following solution for 
blackening brass is nothing ncAv; in fact it has been known for a 
long time. OAving to its cheapness, easse in Avorking and adapta- 
bility for many purposes, it has been deemed advisable to bring 
' it again to notice. Many platers of course Avill recognize it as an 
old solution known to the plating industry for many years, but they 
may not have realized its advantages for some classes of Avork. The 
solution is made as follow’S : 


1 gallon 

Su^r of lead 8 ounces 

^sulphite of soda 8 ounces 
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Tho solution is iisod as hot as possible and the brass work i% 
simply dipped ir it and allowed to remain until black. This takes 
about a minute or less. The articles are .then rinsed in cold water, 
then in hot w^ater and dried. If the pieces are scratch-brushed 
dry, the black deposit will have a high luster. When dipped into 
the solution, the surface of the brass article becomes yellow^, then 
blue and* finally black. The aiiielcs should ahvays be lacquered 
as the black deposit is likely to oxidize and fade if not; but if 
coated with lacquer, it seems to be quite permanent. For a clfeap 
class of goods that require a black finish, tliis solution can fre- 
quently be used to a good advantage. It requires no electric cur- 
rent used as a dip. The color, to be siiro, is not a coal black, but 
resembles a grapliitc black more t]||||n anything else and has a 
sliglit gray shade. It is sufficiently black, however, to answ^er many 
puri)oses and it is so easily applied that it can be used on cheap 
goods with only a slight increase in cost. 

Heat-Proof Paint. — To make a good cylinder exhaust pipe 
paint, use two parts of black oxide of manganese, three parts of 
graphite and nine parts of Fuller’s earth, thoroughly mixed, to 
wdiich add a com^oiijul of 10 quarts of sodium silicate, one part 
of glucose and four* parts of water, until it is of such consistency 
that it may be applied wdth a brush. 

Etching. — To etch iron or steel mix one-half ounce of nitric 
and one ounce muriatic acid. Shake well, and it is ready for use. 
Cover the place to be etched with melted beeswax and when cold 
write the inscription plainly in the wax clear to the metal with a 
sharp instnimeut; then apply the mixture with a feather, care- 
fully filling each letter. Let remain from one to ten minutes; 
then throw on w’aler, which stoi)S the etching process, and remove 
the wax. ^ 

Use of Tools. — Never use a tap in a. cored or rough hole. Run 
a heavy flat drill through to take out scale, sand or projections. 
Use plenty of good lard oil in cutting threads with it die. Many 
times a die tap is ruined the first time it is used, because there 
was no oil put on the work. Never use taps in any metal without 
using plenty of good oil. The tap will gauld in any metal and 
tear the threads off unless well oiled. Never dr.aw a monkey wrench 
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backward from tlie jaws. Always pull toward the jaws, otherwise 
the bar may be bent. Never use a reamer on pipe of any kind. 
The scaJc inside of the pipe, caused by the flux used in welding 
or brazing, is as hard as glass and no reamer made is hard enough 
to cut it. 

Drilling Holes in Glass. — llol(‘S of imy desired size may be* 
drilled in glass 1)y the folh)wiiig method ; Take a small >hree-cor- 
nered file and grind the ])oints from one corner on the bias frcftnthe 
other and set it in a brace, .such as employed in boring wood, etc. 
Lay the glass in which the holes arc to be bored on a smooth sur- 
face covered with a blanket or some other similar material, and 
begin to hore the hole. AVhen a slight impression is made on the 
glass, place a disc of putty ^•ound it and fill with turpentine to 
prevent heating by friction. Continue boring the hole, but do not 
pre.ss too Jiard on the l)raec when drilling. 

Making a Magnet of a File. — Small nuts or washers or other 
small parts, which have fallen into the ermikcase may often be re- 
moved without the necessity of dismantling the engine by means 
of a magnet. By taking about a dozem turns of one strand of the 
cord to Avhicli a lighted electric lamp is attaclied around a file 
it will be magnetized quite strongly enongli for all practical 
purpixses. 

Peculiar Case of Knocking. — The car was a popular four-cylin- 
der model about a year old. It was brought to tlie shop for a thor- 
ough overhauling, and for taking up all the bearings. When the job 
was complete and the engine oi>cratcd, a \Qry severe knock de- 
veloped that sounded exactly like a loose? bearing. After consider- 
able experimenting, it was found that one of the pistons touched 
a shoulder in the top of the cylinder, this was because the packing 
fttween the cylinder and crankcase had been reduced in thickness 
a' trifle. A thicker packing cured the trouble. 

Rust on Tools and Work, — Vaseline, to which has been added 
a small amoiyit of powdered gum camphor, heated over a slow fire, 
will prevent rust on tools. A mixture of one pound of lard, one 
ounce of gum camphor and a little lampblack melted together will 
proteol^riglit work from rust. Other formulas are : A mixture of 
lard and kerosene in equal parts, a mixture of tallow and white 
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*loacl, and of tallow and lime. Smear the parts to be protected wdth^ 
any one of these mixtures. 

Screw Cutting Gears. — Jlultiply the number of threads cut by 
equal gears, as indicated' on the index, by tlie number that will give 
for a product a gear on the index. Place thus gear oji the spindle 
''or stud. ]\Iultij>ly the number of threads per inch to be cut by the 
same numlxT and })ut the resulting gear on the screw. Tims, if a 
lat-lu cuts four threads by t?(iual gears and 13 threads per inch arc 
wanted then multiply by five, showing that to cut 13 threads per 
inch would recpiire a gear of 20 teeth on the spindle or stud and a 
gear of (if) on the lead screw. 

Treating Polished Iron or Steel. — Wash ixdishcd ij’on or steel 
that has become gra^' and lusteiiess, with a stiff brush and ammonia 
soapsuds. Kinse well and dry by l^at if possible. Then apj)!}" a 
plentiful siii>ply of sweet oil and dust thickly with powdered (luiek- 
liine, Jjct the lime stay on two days, after w'hich it slioiild bo 
' cleaned oil' with a sliif brnsh. Polish with a softer bi-nsli and rub 
with cloths until the luster comes out. Hy leaving the lime on, ij’ou 
and steed may be kept from rust almost indWinitely. 

Speed of Grindstones. — To grind machinist's tools stones should 
have a speed of about 800 feet a iiiinute at periphery, a 30 inch 
stoTie running about 100 revolutions a minute. In grinding car- 
penter's tools a speed of 600 feet a minute at periphery sliould be 
maintained, a 30 inch stone running 75 revolutions a minute. 

Cleaning Brass Castings. — Brass castings that are greasy may 
be clean(?d by boiling in lye or potash. The first pickle is corapo.^ed 
of on.e quart of nitric acid, and six to eight quarts of water. After 
W'ashing in clear warm or liot water the casting should be immersed 
in the second pickle, composed of one quart of sulphuric acid, two 
quarts of nitric acid and a few drops of muriatic acid. ||l 

Laying Out Work. — Use blue vitriol and water on the surface 
of, steel or iron in laying out work. This will give a nice copper- 
plate surface, so that all lines wdll show plainly. A little oil of 
vitriol will eat off oily surfaces and leave them nicely eoppered. 

Pipe Joint Cement. — Mix 10 parts of iron filings and three 
parts of . chloride of lime to a paste by means of water. i»pply to 
the joint and clamp. It will be solid in 12 hours. 





Hints and Kinks 

Drilling. — Use kero.^iciic to drill, ream or him malleable iron, 
or to drill or turn aluminum. Turpentine should be used instead 
of oil for drilling liard steel, as it ill cause drilling readily when 
the metal cannot be toiichod with oil. By using a combination of 
turpentine and camphor, glass may be drilled with a common drill. 
When the point of the drill comes through tlie hole should *be 
worked with the end of a three-cornered file, liaving edges ground 
sliarji. Use tlie corners of the file to scrape rather than as jP reamer. 
Oreat care must be taken not to crack the glass or flake ofl' pieces 
of it while finishing. Tlie mixture should he used fr(‘ely, both while 
drilling and scraping. Tt may be us(‘d as well to drill hard cast 
ii'oii and tempered steel. 

Body Polish. — much recommended body polisli is made by 
mixing the following ingredients: 


Tiir]>enliiie 1 gallon 

raraffine Oil I pint 

Oil oT Citronella ounces 

Oil of (Vdaj* ounces 


Anoth(*r scheme is to use a mixture of boiled ynsecd oil and 
turpentine, applying it .sparingly and rubbing absolutely dry. The ^ 
use of these jiolislies will restorcj even an old car to a degree of 
brightness that will please the owner. Floor wax is also used, as 
is furniture polisli. \ 

Care of Tops. — ^lohair tops should bo frequently dusted and* 
brushed off. Pantasotc tops and curtains are best cleaned with a 
soft brush dipped in water to which a little ammonia has been 
added. Afterwards rub dry. Never attempt to clean top and cur-^ 
tains with gasoline or kerosene. Do not fold the top until it hast' 
become thoroughly ' dry, because any moisture remaining in thef 
folds is apt to cause mildew, besides making the top leaky and un-| 
sightly with spots. When a car is not used for some time, it is| 
best to open the top, which keeps it well stretched and smooth. 

Care of Leather Upholstery.— Do not use gasoline in cleaningt 
lea^Ji^r upholstery. Plain water with a little ammonia will remove! 
the dirt and a bri5k rubbing with a clean woolen or flannel clothj 
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will do Iho rest. P^or still more careful treatment use a regular 
leather dressing. . 

Care of Cloth Upholstery. — Do not use an acid solution in 
cleaning clotli u[)holstery. 

^ (doth is not anVeted by ciiraatic conditions and withstands both 
hi^at. and cold, and having no oil in its make-up, does not pick up 
or hold dust readily. To remove ordinary dust, beat cushions and 
backs* lightly with stick or carpet beater, then remove dust with 
w'liisk-broom or brush, (irease or oil may bo remov(*d by the appli- 
cation of a solution of hike warm water and Ivory soap applied 
witli a woolen eloth. Any of the approved methods for cleaning 
woolen cloth may be used with success on this upholstery. Gaso- 
line and heiiisinc have a tendency to spread instead of removing tlie 
dirt. Their use is not recoimuended for this reason, although they 
work no injury to the fabric. 



CHAPTER XIV 

USEFUL TABLES FOR THE MBCITANIC. 


MatheitnaHcal Tables 

Table of Tneli Ucpimal E(iinvalonts — MiJIimoter Deriiiial T^quivalcnts — 
Motrie Conversion Tables — General Forniuluj in Mensuration — iTiagonals 
of Ucvagons aiul Squares — V. S. Measures ari'l Weights — Trigonometri- 
cal FonmiliJ' — Circumferenees aiul Areas of (Urcles. 

Mechanical Tables 

S. A. E. Screw StaiHlar«l--iStinidar«i Hexagon Bolts nrul Xnts — Machine 
Screw Table — Dimensions’— Pipe Thremls — S. A. E. Carburettor Fittings 
— Starulards for Wire Gauges — Calculating Length of Chain — Tabic of 
Allowances f»»r Grimlirig — Sizes of Drills to D.' e for Hand Tapa- -Twist 
Drill Gauge Sizes Speed of Drills — Figuring Emery Wheel Speeds — 
Pulley Sizes — Lathe Gearing for Cutting Threads — Allowances for Fits. 

Miscellancovs Tables 

Time Per Mile Expressed in Miles Per Hour — Comparative Scale, Fahrenheit 
and Centigrade Thermometers — ^Horsepower (Jhart — Oonipropsiou Press- 
ure — Approximate Horsepower of Four-Oyele Engines — Two-Cycle En- 
gines — Indicated Horsepower — ^Weights of Metals — Weight of Steel 
Bars — Weight of Castings to That of Wood Patterns — Table o*f Gra- 
dients — Calculating Grade Percentages — Chart for Determining Speed 
of Car. 

TmtsE erigagod in mechanical work cannot fail to appreciate tlie 
tables which follow^ selected with care and with special reference 
to automobile repairing, inqchine work and allie*’ industries. These 
have been compiled from standard authorities on mechanies, stand- 
ards, metallurgy, automobile construction and design, mathematics,' 
et cetera, and therefore con be divided into three general classes, j 
Those dealing wdtli arithmetic are in one group, those having to do 
with macliine w’ork arc in another group, while the remainder deal 
wdth miscejlaneous subj(*cts. It is believed that the tabulation can 
be of value in many ways to tlie motorist as wtH as to the mechanic. 
Wliilft this data is available to all who can consult different standard 
wo™, it is believed tliat compilation in condensed form, as w^ell as 
a rBarrangemont in some eases to simplify tlie matter, will make it 



of real service to the laymen as well as the more expert machinist 
and repairman. Kecause of the number of authorities consulted and 
the many works from whicli the tables have been made, it is not 
possible to give individual acknowledgment, especially as many of 
the tabulations have long been public property and have been gen- 
erally used by writers on mechanical subjects. 

Table of Decimal Equivalents 


8ths 

H=.125 
K=.250 
H=-375 
M=.-wo 
%=.625 
?<= 750 
.875 

lOdis 
*=.0625 
*=.1876 
*=.3125 
*=.4375 
*=.5625 
ii=0875 
iJ = .8125 
H = .9375 

32ds 

*=.03125 
*=.09375 
* = .15025 


*=.21875 

*=.28125 

= .34375 
ii=. 40625 
^5 = .46875 
i 5 = .53125 
it ==.59375 
il=. 65625' 
ii=. 71876 
II =78125 
f}=. 84375 
f I = .90625 
|i = . 96875 

64ths 

*=.015625 
*=.046875 
*=.078125 
* = .109376 
*=.140625 
H=. 171875 
|}=. 203125 
Ji=. 234375 
iH -265625 


if =296875 
§J=. 328125 
If =.359375 
ii=. 390625 
*}=. 421875 
II =.453125 
II =.484375 
il=. 515625 
11 =.546875 
11 =578125 
i}=. 609375 
11= -640625 
If =.671875 
If =.703125 
II = .734375 
II =.765625 
11 = .796875 
11= .828125 
11 = .859375 
11 =.890625 
II = .921875 
SI =.953125 
11 = .984375 
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Table of Decimal Equivalents of Millimeters and ^ 
Fractions of Millimeters 


Mm. Inches 

Mm. Inches 

• 

Mm. Inches 

= . 00079 

M = . 02047 

2= .07874 ' 

A= 00157 

l!^ = . 02126 * 

3= .11811 

,’(, = .00236 

02205 

4= .15748 

= .00315 

if S = .02283 

5= .19685 ' 

5*0 = .00394 

Ja = . 02362 

6= .23622 

,’(, = .00472 

^i = . 02441 

7= .275.59 

. .A =.00551 

33 = .02520 

8= .31496 

= . 00630 

U = .02598 

9= .35433 

T^o = .00709 

3 * = .02677 

10= .39370 

ig= 00787 

?3 = . 02756 

11= .43307 

^J = . 00866 

1* = .02835 

12= .47244 

= . 00945 

33 = .02913 

13= .51181 

43 =01024 

35 = .02992 

14= .55118 

y = . 01102 

^3= 03071 

15= .59055 

iJ = . 01181 

38 = .03150 

16= .62992 

i}= 01260 

13 = .0.3228 

17= .66929 

iJ=. 01339 

|J=. 03307 

18= .70866 

i5= 01417 

38 = .03386 

19= .74803 

iJ=!01496 

33 = .03465 

20= .78740 

%S= 01575 

3S = . 03543 

21= .82677 

|J=. 01654 

38 = .03622 

22= .86614 

fj =4.01732 

33 =03701 

23= .90551 

|^ = . 01811 

35= 0.3780 

24= .94488 

= .01890 

38 = .03858 

25= .98425 

|i=. 01969 

C 

1=. 03937 

26 = 1.02362 


10 mm. = 1 Cemimctcr = 0.3937 inches. 

10 cm. = 1 Decimer = 3.937 inches.’ 

10 dm. ^ = 1 Meter = 39.37 inches. 

25.4 mm. = 1 English inch. 
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Metric System and English Equivalents. 

The Metric System is based oa the Meter which was designed to be one 
ten-millionth (ruviAfovR) P^rt of the earth's meridian, passing through Dunkirk 
and Pormentera. l^ater investigations, however, have shown that the Meter 
exceeds uiic icn milliontli pan by almost one part ia The value of the 

Meter, as authorized by the U. S. Government is 39.37 inches. The Metric 
system was legalized by the U.S. Government in 1S66. 

The three pi'iiicipal units are the meter, the unit of length, the liter, the 
unit of capacity, ana the gram, the unit of weight. Multiples of these are 
obtained by prehxing the Greek words : iteka (10), hekto (100), and kilo (1000). 
Divisions are obtained by prcfiT^ing the l«atia word.s. deci centi (rAn)* and 
mill! (r^{f). Abbreviations of the multiples begin -with a capital letter, and. 
of the divisions with a small letter, as in the following tables : 


* Measures of Length 

10 milliiiicters (mm.) 1 centimeter (cm.) =«.3937 in. 

10 centimeters =- 1 decimeter (dm.) 

10 decimeters .’-I meter (ni.) «3. 28083 ft. ■-•*39. 37 ins. 

10 meters dekaraeter (Dm.) 

lOdekameter.s 1 hektometcr (Hni.) 

lO hektometers 1 kilometer (Km.) »0.G2137 mile 

1 foot .3048 meter 

1 inch 25.4 milliiiieters 


Measures of Surface (not Land) 

100 square millimeters (rum. 2) 1 square centimeter (cm. 2) ^ 0.155 sq. in. 

100 square cent irnelers - 1 square decimeter (dm. 2) 

100 square decimeters —-1 square meter (m. 2) 10.764 sq. ft. 

1 square yard. .836 .square meter 

1 .square fool <• .0920 square meter 

1 square inch (545.2 square millimeters 


Measures of Volume; 

1000 cubic millimeters (ram. 3) '-I cubic centimeter (cm. 3) » 06Icu.in. 

lOdO cubic centimeters =-1 cubic decimeter (dm. 3) '-I liter—61 .023 cu.ins. 

lOuO cubic decimeters .*-1 cubic meter (in. 3) .--^35.314 cu. ft. •*-264, 2 gallons 

1 cubic yard ** .7645 cubic meter 

1 cubic foot .02832 cubic meter 

1 cubic inch 16.387 cubic centimeters 

(Measures of Capacity 

10 milliliters (ml.) --- 1 centiliter (cl.) 

10 centiliters deciliter (dl.) 

10 deciliters *■! liter (1.) 1 .0^7 qts.(l/.S.)*^1.023 cu.ins. . 

lOliteia 1 dekaliter (Dl.) 

10 dek^iters 1 hcktoliter (HI.) 

10 hektoliter 1 kiloliter (Kl.) 

1 g.illon (U.S.) -“3 785 liters 

1 gallon (British) •-> 4.513 liters 

Measures of Weight 

10 milligrams (mg.) — 1 centigram (eg.) 

10 centigrams « 1 decigram (dg.) 

10 decigrams — 1 gram (g.) •*■15.432 grams 

10 grams — 1 dekagram (Dg.) 

10 dekagrams 1 Itcktogrrim (Hg.) 

10heklogram.s -« 1 kilogram (Kg.) —2.2046 pounds 

lOOO kilograms — I Ion (T) —.0842 ton of pounds 

NoTF,— The gram is the weight of one cubic centimeter of imre distilled 
water at a temperature of llie kilogram is the weight of 1 liter of 

water; the Ion is the weight of 1 cubic meter of water. 


1 grain . . 
1 pound - 


0618 gram 
. l.'^0 kilogiums 


1 ounce fi\vd.) — 28.35 gra.^s 

1 toil of 2240 pounds— 1.016 metric toL-:- 
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General Formulae 


Circumference -'diameter x 3.1416, nearly; more accurately 3.1415d2 

Approximations ~ — 3.‘143; — 3.141592; 1 — .3183 

^ * 7 113 3.141592 


Diameter — circumference x .3183. 
Diameter of circle x -88023 \ 

Circumference of circle x .28209 i 
Circumference of circle x 1.1284 
Diameter of circle x .7071 
'Circumference of circle x .22508 
Side of square x 1.4142 
- “ X 4.4428 


perimeter of equal square, 
— siflc of inscribed square. 

diameter of circumscribed circle, 
circum. “ " 


" “ X 1.1284 — diameter of equal circle. 

" “ X 3.5449* circum. “ “ •* 

Perimeter of square x .88623 “ circumference of equal circle. 


Areas 

Area of trianj^le — base x Yz perpendicular height. 

Area of parallelogram — base x perpendicular height. 

Area of trapezoid * half the sum of the parallel sides x perpendic- 
ular height. 

Area of circle —diameter squared x .7854 nearly, more accurately 
.7853982. 

Area of circle x .63662 — area of inscribed square. 

Area of circular ring — sum of the two diameters x difference of the 
two diameters, and the product x .7854. 

Area of parabola — base x height. 

Area pf pyramid or cone — circumference or periphery of base x % 
slant height. 

Area of ellipse — long diameter x short diameter x .7854. 


Surfaces 

Surfiice of cylinder — area of both cnds+ (length x circumference.) 
Surface of sphere — diameter squared x 3.1416, or circumference x 
diameter. 


Solid Contents 

Contents df prism, right or oblique — area of base x perpendicular 
height. 

Contents of cylinder — area of end x perpendicular height.- 

:ents of sphere — diameter cubed x .5236, or surface x diam.. 
Contents of pyramid or cone — area of base x perpcndicular^h’g’tt. 
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Diagonals of Hexagons and Squares 



Across Corners | 

Across 

Across Corners | 

Acrofn 

^ Across Corners 

Plats 

■soil 

Squares 

Elats 

Hexa- 

gon 

Squares 

Flats 

Hexa- 

gon 

Squares 

A 

.072 

.088 

1% 


1.944 

2U 


3.800 


.144 

.177 

lA* 

MBS! 

2.032 

234 

ka3 

3.889 


.216 

■265 

VA 

1.732 

2.121 

218 

3.247 

3.979 

* 

.288 

.353 

lA 

1.804 

2.209 

2% 

3.319 

4.065 

. A 

.360 

.441 

194 

1.876 

2.298 

2U 

3 391 

4.154 

% 

.432 

1 530 

li* 

1.943 

2.386 

3 

3.464 

4.242 


.505 

.618 

194 

2.020 

2.470 

3A 

3.536 

4.331 

% 

.577 

.707 

IH 

2.092 

2.563 

3}4 

3.608 

4.419 


649 

.795 

1% 

2.165 

2.651 

3A 

3.680 

4 507 


.721 

.883 

in 

2.237 

2.740 

354 

3.752 

4.698 

\h 1 

.793 

972 

2 

2.309 

2.828 

3A 

3.824 

4.684 

H 

.865 

1.060 

2A 

2.381 

2.916 

3% 

3.897 

4.772 


.938 

1.149 

2V4 

2.453 

3.005 

3K 

4 041 

4.949 

% 

1 010 

1.237 


2.525 

3.093 

3H 

4.185 

5.126 

n 

1.082 

1.325 

2K 

2.698 

3.182 

334 

4.330 

5.302 

1 

1.155 

1.414 

2A 

2.670 

3.270 

3?4 

4.474 

5.480 


1.226 

1.502 

2% 

2.742 

3.368 

4 

4.618 

6.666 

IH 

1.299 

1.591 

2A 

2.814 

3.447 

454 

4.763 

6.833 

lA 

1.371 

1.679 

2H 

2.886 

3.535 

454 

4 904 

6.010 

IK 

1.443 

1.767 

2A 

2.958 

3.623 

4% 

5.051 

6.187 

lA 

1.515 

1.856 

294 

3.031 

3.712 

454 

6.196 

6.368 


Diagonal of hexagon equals 1.165 times distant across flats. 
Diagonal of square equals 1.414 times distance across fiats. 


AREAS OF SMALL CIRCLES UP TO ONE INCH 


DIA. 

0 

□l: 


•?J 

.4 

1 •» 

rz: 

m 


nr_ 

lac. 

AREAS 



.0 

.0078 

.0314 

.0706 

.1256 

.1963 

.2827 

.3848 

.5026 

.6362 

B 

.000078 

.0005 

.03464 

.0755 

.132 

.2043 

.2922 

.3950 

.5153 

.6504 

B II^B 

.00031 

.0113 

.038 


.1385 

.2124 

.3014 

.4071 

.6281 

.6648 

B 


.0133 

.0415 

.0855 

.1462 

.2206 

.3117 

.4185 

.6411 

mmm 

B 

.00125 

.0154 

.0452 

.0008 

.1520 

.2200 

,3217 

.4301 

.6542 

.694 

B 2^B 

.00190 

.0177 

.0401 

.0962 

.1590 

.2376 

.3318 

.4418 

.5674 


B rjV 


.0201 

.0531 

.1018 

.1662 

.2163 

.3421 

.4536 

.5300 

.7238 

B *SB 

.0227 

.0572 

.1075 

.1735 

-.2552 

.3526 

.4657 

.5045 

.739 

B Tjfl 


.0255 

.0616 

.1134 

.181 

.2642 

.3632 

.4778 

.6082 

.7543 

pLJE 


.0283 

,066 

.1195 

.1886 

.2734 

.3730 

.4902 

.6221 

.7698 


Across the top are the diameters of circles, and at the left are placed the 
inorements increasing by 01 of an inch. Thus the area of a circle .£r6 of an 
'inch in diameter, .2376 of a square inch, will be found under .5 and opposite .05. 
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CIRCUMFERENCES AND AREAS OF ORCLES 

From 1 inch to 25 inchoa incluiivo a 


Diam. 

Circum. 

Area 

Ditm. 

Circum. 

Area 

Diam. 

Circum. 

Area , 

1 - 

3.1-VO 

.7854 

4 


12.506 

12.500 



25.133 

50.265 


3.3370 

.8866 

1 


12.763 

12.902 


25.52.3 

51.849 

i 

3 .■i343 

.9940 

i 


12.959 

13 304 

J 


25.918 

53.646 

I’u 

3 7o00 

1-.1075 


1 

13 155 

13.772 

i 


26.311 

55.088 

i 

3.9270 

1.2272 



13 352 

11.1S6 


20.704 a 

56.745 

A- 

4 1233 

1.3.530 

1 


13.548 

14.607 

1 

27.096 

58.426 

i 

4 3197 

1 .4840 

i 


13.744 

15 0^3 

3 

27.4.S9 

60. 132 

A 

4 riiuo 

1 .0230 

i'. 

13 941 

15 400 

1 


27.882 

61.^862 


4.7124 

1.7071 • 

4 

11.137 

15 901 





A 

4.9037 

1 0175 

1 


11.331 

16 .349 

0 


28 271 

63.017 

1 

5 105 L 

2 0739 



11.5.30 

lO.SOO 

It 

28.607 

65.397 

li 

5 3014 

2.2305 

1 1 

1 1.726 

17.257 


20 000 

67.201 

1 

5 4978 

2 4053 

i 

1 1.923 

17 72S 

i 


29.452 

69.029 

1- ' 

5 0041 

2.5802 

» 3 

1.5 119 

1.8 190 

- 


29 845 

70.882 

I 

5 890.5 

2.7012 

1 


15,315 

18.005 

ft 

30 238 

72.760 


G.08GS 

2.018.3 


2 

15.512 

10.147 

i 

30.631 

74.662 








i 

31.023 

76.689 

2 

6 2832 

3 1410 

5 


15.70.8 

19.63;> 






fi 4705 

3 3410 



1.5 904 

20.129 

10 


31.416 

78.540 

i 

6 G759 

3 5400 

j 


16.101 

20.020 

i 

31 BCM) 

80.516 

A 

6.8722 

3 75S3 


16.297 

21 135 



32 201 

82.516 

i 

7 Of.SG 

3 0701 

i 

1 

10.403 

21 .048 

i 

32.594 

84.541 

iV. 

7 2649 

4 2000 

I'fl 

10.090 

22.166 

V 

32 987 

86.500 

i 

7.4013 

4 4301 

i 

10 886 

22 091 

ft 

33 379 

88.664 

A 

7.6570 

4. 0004 



I7.0S2 

23.221 

} 

33.772 

90.763 

r 

7.8540 

4 0087 



17 279 

23 . 758 

1 

34.105 

92 880 

A 

8 0503 

5 1.572 



17.475 

24 301 






8.2407 

5.4119 

! 


17.671 

24.850 

11 


34.558 

95 033 

!• 

8.4430 

5 6727 

■ 

1 

«. 

I7.8CS 

25.406 


i 

34 950 

97.205 


8.6304 

5.9390 


' 

18 064 

25 967 



35.343 

09.402 

I? 

8 8357 

0.2126 

■ 

1 

18.261 

26 535 



35.736 

101.62 


9 0321 

0.401S 

■ 

: 

1.8 457 

27.109 



36.128 

103 87 

If 

9.22S4 

^ 6.7771 


% 

18.65.3 

27.GS8 

; 


36.521 

106.14 










36.914 

108.43 

3 

9.4248 

7.0GS6 

G 


18.850 

28.274 



37.306 

110.76 

A 

9 6211 

7 3002 

1 

' 

19.242 

29.465 





i 

0 8175 

7 0099 

1 


19 635 

30.680 

12 


37 699 

113.10 

A 

10.014 

7.9798 

1 

20 028 

31.919 

13 


40 841 

132.73 

r 

10.210 

8.2958 

i 

20 420 

33.183 

14 


43 982 

153.94 

A 

10.407 

8.6179 

i 

20.813 

34 472 

15 


47.124 

176.71 

Y 

10.603 

8.9462 

i 

21.206 

35.785 

16 


50 265 

201.06 

A 

10 799 

9 280G 

1 

21.508 

37.122 

17 


53 407 

226.08 

r 

10.996 

9 621] 





18 


56.549 

254.47 

A 

1 1 . 192 

9.0078 

7 


21.991 

38 4S5 

19 


59 690 

283.53 


11.388 

10 321 

■ 

r 

22.384 

39.871 

20 


62 832 

314.16 


11 585 

10.680 

■ 

■ 

22.776 

41 282 

21 


65 973 

346.36 

i 

11.781 

11 ai5 

1 


23.169 

42.718 

22 


60.115 

380 13 

{} 

11 977 

11.416 


f 

23.562 

44.197 

23 


72.257 

415.48 


12.174 

11.793 


i 

23.955 

45 664 

24 


75.398 

452.39 

■ Fs 

12 370 

12.177 


! 

24.347 

47.173 

25 


78.540 

400.87 

J 

1 


i 

24.740 

48 707 
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Trigonometrical Formulee, Etc. 



Geometrical Solution 
of Ri^ht- Angled Triangles 


b - i/c 
a — 


«;n A ^ opposite side 
c hypotenuse 

tan A — _?L «. o pposite side 
b adjacent side 

sec. A. -4 

b . adjacent side 


_b 

adjacent side 

c 

liypotenuse 

b 

adjacent side . 

a "" 

opposite side 

t 

hypotenuse 

a "" 

opposite side 



General Equivalents 

The illustration shows the dif- 
fereht trigonometrical expres- 
sioiis in termg of the angle A. 

In the following iformulse the' 
radius —1. 


Complement of an angle* its difference from 90**. 
Supplement of an angle — its difference from 180®, 

1 


Sin,-- 


coscc. cot. 
Cos. — J-- sin.*) 


cos. , 


sin. . 1 


Sec. » V' rad7» + ton.» - ^ 

sin. 1 

an. — 

Versin.* rad. — cos. 

Rad. — tan. X cot, — |/sin.* + cos.* 
1002 


Cosec — 


« dos. 
Cot. ' 

sin. 


sin. 

1 


tan. 

Coversin. « rad.^sin. 



U. S. Measures and Weights 


DRY MBASUR6.— U. S. 


2 pints 1 quart. 8 quarts =« 1 peck. 4 packs 1 bushel. 

The standard IT. S: bushel is in cylinder form, 18 m inches diameter and S 

inche.8 deep, and contains 12150.42 cubic inches. 

A struck bushel »■ 2150.42 cubic inches, or 1.2445 cubic feet. 

A heaped bushel ^ l\i struck oushels. 

SHIPPINa MEASURE. 

100 cubic feet -- 1 register Lon. 

{ 1 U. S. shipping ton. 

31.16 Imperial bushels. 

32.143 U. S. bushels. 

( 1 British shipping ton. 

42 cubic feet^ 32.719 Imperial bushels. 

(.‘33.75 U. S. bushels. 


MEASURES OP WEIGHT.— Avoirdupois or Commercial Weight. 
16 drachms, or 437.5 grains == 1 ounce, oz. 

16 ounces, or 7,000 grains — 1 pound, lb. 

2B pounds = 1 quarter, qr. 

4 quarters ^,1 hundred-weight, cwt. — 112 lbs. 

20 hundred-weight — 1 ton of 2240 pounds, or long ton. 
aOOO pounds ^ 1 net, or short ton: 

2204.6 pounds -== 1 metric ton. 

1 stone = 11 pounds. 1 quintal -- 100 pounds. 


TROY WEIQHT. 

24 grains 1 pennyweight, dwt. 

20 pcuuy weignts ~ 1 ounce, oz. »» 480 grains; 
12 ounces I pound, lb. 5760 grains. 


APOTHECARIES’ WEIQHT. 

20 grains 1 scruple. 

3 scruple - i drachm 60 grains. 
8 drachms — 1 ounce — 480 grains. 
12 ounces -= 1 pound -- 5760 grains. 


CIRCULAR MEASURE. 

60 seconds 1 minute '. 

60 minutes ' ~ 1 degree ®. 

00 degrees ~ I quadrant. 

860 degrees 1 circumference. 


TIME. 

60 seconds -- 1 minute. 

60 minutes =■- 1 hour. 

24 hours -- 1 day. 

7 days = 1 week. 

365 days, 5 hours, 48 minutes, 48 seconds » 1 year. 


BOARD MEASURE. 

The number of feet, board measure (B. M.) » length in feet x breadth la 
feet X thickness in inches. 


1 U. S. galldin=8.S8 pound.s. 1 cubic foot of water at 39,t<>Fs=62.425 lbs. 
1 English gallon=10 pounds. 1 cubic inch of water at 89.10F=.030 lbs.. 
1 cuti^Cf^foot of ice =-57.2 pounds. 1 pound of water—- 27 .72 cubic inches. 
^ 1 ton of water=8S.90 cubic feet. 
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U. S. Measures and Weights 

Continued # 


LONG MEASURE.— Measures of Lengthy 


12 inches » 1 foot. 

5 feet, or 36 inches 1 yard. 

yards, or 16J4 feel -- 1 lod, pole, or perch. 

40 rods, or 220 yards 1 furlong. 

8 furlongs, or 320 rods, or 1,7C0 yards or 5,280 feet - - 1 mile. 
3 miles = 1 league. 


Additional Measures of Length. 

1,000 mils ^ 1 inch. _ 4 inches ~ 1 hand. 0 inches -= 1 span. , 
2)4 feet — 1 military pace. 2 yards - I fathoiii. 


SQUARE MEASURE. — Measures of Surface. 

'144 .square inches, or 183.35 circular inches - 1 .square fool. 

0 square feet = 1 square yard. 

30)4 square yards, or 272)4 square feet - - 1 square rod, pole, or perch. 

160 square rods -- 1 acre. 

610 acres -- 1 square mile 

An acre equals a square whose side is 208.71 feet. 

A circular inch is the area of a circle 1 inch iii diameter — 0.785398 sq. inches. 
1 square inch --- 1.2732 circular inches. 

A circular mil Is the area of a circle 1 mil or .001 in diameter. The mil is 
used ill electrical calculations. 


SOLID OR CUBIC MEASURES Measures of Volume. 

1728 cubic inches - 1 cubic foot. 

27 cubic feet =- 1 cubic yard. 

1 cord of wood — a pile, 4x4x8 feefr - 128 cubic feet. 

1 perch of masonry — 16)4 x 1 )4 a I foot 24^ cubic feet. . 


LIQUID MEASURE. 

-4 gills — 1 pint. 

2 pints -= 1 quart. 

A 1 S S. 2:11 cubic inches. 

4 quarts -= 1 gallon | 277.274 cubic inches.' 

31 H gallons ^ 1 barrel. 

42 gallons =-- 1 tierce. 

2 barrels or 63 gallons =» 1 hog.shead. 

St gallons or 2 tieroes =» 1 puncheon. 

2 hogshead or 126 gallons == 1 pipe or butt. 

2 pipes or 3 punchdon.s -= 1 tun. 

7 48^ U. S. gallons = 1 cubic foot. 

1 Ipritish Imperial gallon =» 1.20032 U. S. gallons. 


APOTHECARIES* FLUID MEASURE. 


4^0zHlnims ■= 1 fluid drachm. 

8 drachms* or 437)4 grains, or 1,782 cubic inches 


1 fluid ounce. 


Water Is at its greatest density at 39.2° F. 

Sea water Is 1.6 to 1.9 heavier than fresh water. ** 

1 cubic inch of water makes approximately 1 cubic foot of steam at 
atmospheric pressure. ^ 

27223 cubic feet of steam at atmospheric pressure weighs 1 pound... 

1004 



S. A. E. Screw Standard 
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Calculations of 

Pulley Diameters and Revolutions 


The Driving Pulley being called the Driver, and the Driven Pulley the Driven. 

Diameter of Driver Dia meter of Driven x Revolutions of Driven 

Re^iutions of Driver 


Diameter of Driven 

t 


Diameter of Driver x Re v olutions of Driver 
Revolutions of'^Driveii 


Revolutions of Driver > • 


Diameter of Driv en x Revolution s of Driven 
DTameler of Driver , 


Diameter of Driver x Revolutions of Driver 
Revolulioni of Driven - ~Diweter of TtriV^ 
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lUm Oil? U1M NODTXU 



163B 


2. ^croBB comets or long diameter equab l-lia times the mill. Tabic gives nearest ^'4 larger. 

3 . Exact depth of thread equate .dS times the pitch. Width of flat on thread equals the pitch. 

« 1 Vffl) 

4. Exact alxe of hole U. S. Staddard equab diameter Tap caiaus ■■■■ ,, - 1.1 ■ ; nearest *V larger. 

asv- iiirijssus pvi m* 

9k Bolt Heads flame dimensions as NuMk: 



























MACHINE SCRBV7 TABLE. 


Screw' Gauge 
Size. 

Di&meter in 
Decimals. 

Approximate 

Diameter. 

No. Threads 
per Inch. 

Size of • 
Tap Drill. 

2 

.0B43 

, A 

56 

1 

49 

3 

.0973 


48 

• 46 

4 

.1105 

, . 8* 

36 

• 42 

5 

.i2;m 


30 

3» 

6 

.1368 


32 

35 • 

7 

.1500 

A 

32 

30 

A 

.1031 

A 

.32 

29 

9 

4763 

U' 

30 

.« 

10 

4894 

1 

TC 

24 

2S 

11 

.2020 

a 

24 

21 

12 

.2168 

A 

24 

17 

13 

.2289 

a 

22 

15 

14 

.2421 

41 

20 

13 

, 15 

.2552 

H 

20 

8 

10 

.2684 

ii 

18 

6 

17 

.2816 

A 

18 

2 

18 

.2947 

41 

18 

1 

19 

.3079 

s 

TV 

18 

C 

20 

^321(> 


16 

D 

22 

.3474 

4i 

)6 

J 

24 

.;1737 


16 

N 

20 

.4000 



P 


.4263 

11 


R 

So 

.4526 

H 


U 


WEIGHTS OF METALS 



Lbs. 

per Cu. Ft. 

ssBsssssaar 

Lbs. 

per Cu. In. 

Aluminum, cast 

16Q 

0926 

Brass, cast .... 

506.3 

.293 

Brass, sheet 

5.?S 

3056 

Babbitt metiil 

440.6 

.255 

Bronze, aluminum 

471 2 

2727 

Bronze, phosphor 

575. ^ 

3332 

Copper wire * ’ 

555 . 1 

3212 

Cast iron 

450. 

2604 

Wrought iron, bars 

486.8 

.2817 

Steel, Besscmei . 

490.7 

.284 

Lead, cast 

709.5 

4106 

Nickel 

548.7 

3175 

Tin 

453 ! 3 

.2652 

Zinc . . 

436.5 

.2526 


1 
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Wrought Iron Welded. Pipe and Pi peT hreads! 

Briggs’ Standard 



A— Outside diameter of perfect 
thread or actual outside diameter 
of pipe. • 

B~Inside diameter of pipe. 

C— Root diameter of thread*at 
end. ‘ 

D— Outside diameter of thread 
at end. 

E— Lengtli of perfect tliread =' 
P(4.8+0.8A) 

F- -Total IcnKth of thread or: 
length of taper at top. 

N—N umber of threads per inch.^j 

P— Pitch of thread=i 

Taper of thread, 5^'' per foot or ■ 
I in 32 to axis of pipe. 


Diam. of Tube in Ins. 

Nomi- 

nal 

Weiffhl 
per ft. 
lbs. 

Inter- 
nal 
Area 
sq. ins 

Pipe Thiead Dimensions 

Size 

of 

Tap 

Drill 

Nomi- 

nal 

Inside 

Actual 

Inside 

11 

Actual 

Outside 

A 

C 

D 

E 

F 

N 

Vo 

0.270 

0.405 

.24 

.057 

.334 

.393 

.19 

.41 

27 



0.364 

0 540 

.42 

.104 

.433 

.622 

.29 

.62 

18 

» 

% 

0.494 

0.675 

.55 

.192 

.667 

.656 

.30 

-63 

18 



0.623 

0.840 

.83 

.305 

.702 

.816 

.39 

.82 

14 

U 

1 

U 

0.824 

1.050 

1.11 

.633 

.911 

1.025 

.40 

.83 

14 

I 

it 

1 

1 048 

1.315 

1.66 

.863 

1 144 

1.283 

-61 

1-03 

UK 

lA 

IK 

1.380 

1.660 

2.24 

1.496 

1.488 

1.627 

54 

1 06 

UK 

Ihl 

IK 

1.610 

1.900 

2.67 

2.038 

1.727 

1.866 

.55 

1.07 

UK 

Ut 

2 

2.067 

2.375 

3.60 

3.355 

2.200 

2.339 

.68 

l.'O 

UK 


2K 

2 468 

2.875 

6.73 

4.783 

2.618 

2.818 

.89 

1 64 

8 

231 

8 

3.067 

3.500. 

7.53 

7.388 

3.243 

3.443 

.95 

1.70 

8 


3K 

3.548 

4.000 

9.00 

9.887 

3.738 

3.938 

1.00 

1.76 

8 

33f 

4 

4 026 

4 500 

10.66 

12.73 

4.233 

4.443 

1.06 

1.80 

8 

4A 

4K 

4 508 

6.000 

12.34 

15.93 

4.733 

4.933 

1 10 

1 85 

8 

433 

G 

5.045 

5.563 

14.50 

19.99 

5.289 

6.489 

1.16 

1.91 

8 

633' 

6 

0.065 

6.625 

18.76 

28.88 

6.347 

6-647 

1.26 

2 01 

8 

61^ 

7 

7.023 

7.626 

23.27 

38.73 

7.340 

7.540 

1.36 

2 11 

8 

.... 

8 

7 982 

8.625 

28.17 

60.03 

8.332 

8.632 

1.46 

2.21 

8 


9 • 

9.000 

9.625 

33.70 

63.63 

9.324 

9.624 

1.56 

2 31 

8 


to 

10.019 

10.750 

40.06 < 

78.83 

10.44 

10.64 

1.67 

2 42 

8 

.... 
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i'’ Rod end for carbureters of u 
to 2 inches inclusive 

nseommcBded bf the Standards CominitM and’accepM ~b^thit Society 
^ Automobile Encineers, June, 1912. 

1010 












An dimensions on this sheet in inch measure. 

' Hecommended by the Standards Committee and accepted by the Society' . 
Atttomoblla Encmeers, June. ISIS. 
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Pipe Tap Dimensions 

Briggs* Staadard 



Nom. 

Pipe 

Size 

Diam. 
at Size 
l«ine 

A 

Dist. 
Knd 
to Size 
I^iiie 

D 

1 Diam, 
at large 
P:iid 

C 

l«en|rth 

Thread 

D 

Nom. 

Pipe 

Size 

Diam. 
at Size 

A 

Dist. 
Knd 
to Size 
lyiiie 

12 

iho 

Ca 

I«cii^h 

Thread 

D 

% 

0.405 

■1 


1 

m 


lA 

3.605 

3K 

% 

0.640 

A 


154 


4.000 

IK 

4.125 

3K 

H 

0.675 

A 


15< 

4 

4.600 


4.629 

3K 

'A 

0.840 


0.887 

15^ 

4K 

6.000 


5.125 

3X 


1.060 

Va 

1.104 

1^ 

6 

5.563 


5.687 

4 

1 

1.315 

H 

1.366 

IK 

6 

6.625 


6.766 

454 

lyi 


U 

1.717 

IX 

7 

7.625 

2% 


4K 



1 

1.963 

2 

8 

8.625 

2% 


4K 

2 


1 

2.463 

2K 

9 

9.625 

2A 


5 

2K 


VA 

2.961 

2X 

10 

10.750 

2K 

E15!l 

6 


Whitworth’s Gas and Water Piping 


Diam. of Pipingj 

Diam. 
at Bot- 
tom of 
Thread 

No. of 
Thr‘da 
per in. 

Size 

Diam. of Piping 

Diam. 
at Bot- 
tom of 
Thread 

No. of 
Thr'd.s 
per in. 

Si±e 
of Tap 
Drill 

Inter- 

nal 

Exter- 

nal 

of Tap 
Drill 

Inter- 

nal 

Exter- 

nal 

H 

.3826 

.8367 

28 

■9 

IX 

2.246 

2.1285 

11 

2A 

K 

.618 

.4506 

19 


2 

2.347 

2.2305 

11 

211 

% 

.6563 

.6889 

19 

Kl 

2K 

2.467 

2.8605 

11 

211 

H 

.8257 

.7342 

14 

19 

2K 

2.5875 

2.4710 

11 

2g| 

9i 


.8107 

14 

B9 

2% 

2.794 

2.6776 

11 

2!}' 

9i 

1.041 

.9495 

14 


2K 

3.oq;i3 

2.8848 

11 

211 

X 

1.189 

1.0975 

14 

IK 

2K 

3.124 

3.0075 

11 

.3* 

1 

1.309 

1.1925 

11 

lA 

2K 

3.247 

3.1305 

11 


IH 

1.492 

1.3765 

11 

IH 

2X 

3.367 

3.2605 

11 

3A 

IK 

1.650 

1.5335 

11* 

lA 

3 

3.486 

3.3685 1 

11 

311 

1% 

1.745 

1.6285 

11 

111 

3K 

3.6986 

3,5820 

11 

3K 

VA 

1.8826 

1.7660 

11 

itl 

3K 

8.912 

8.7965* 

11 

|Tn 

IH 

2.021 

1.9046 

11 

lii 

3K 

4.1255 


11 

kI 

IK 

2.047 

1.9305 

11 

in 

4 

4.339 

1 4.2225 

IP 

B!!l 
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Morse Tapers 



Number of Taper 

No.1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

Diameter of Plug^ at Small 








End 

D 

.369 

.572 

.778 

1.02 

1.475 

2.116 

Standard Plug Depth .... 

P 


2,fj 

3tV 

4* 

5* 

7X 

Depth of Hole 

H 

2* 

2H 

3X 


SX 

7X 

End of Socket to Keyway 

K 

2* 


Si's 

3H 

4H 

7 

Length 'of Keyway 

L 

H 



IX 

IX 

IX 

Width of Keyw'ay 

W 

.213 

.265 

.330 

.490 

.650 

.780 

Length of Tongue 

T 

A 


1 A 


X 

1 

Diameter of Shank at 








Small End 

d 

.353 

.553 

.753 

.901 

1.440 

2.064 

Thickness of Tongue 

t 

u 


't’g 


X 

X 

Shank Depth 

S 

2* 


3H 

4H 

5X 

8X 

Whole Length of Shank . . 

B 

2H 

3* 

3H 

sx : 

6X 

8X 

Diameter at End of Socket 

A 

.475 

.700 

.938 

1.231 

1.748 

2.494 

Taper per Foot 


.600 

.602 

.602 

.623 

.630 

.626 

Smallest Drill Using Each 








Taper 





I4i 

2,>r 

3A 

Lf^gest Drill Using Each 
Taper 


U 


IX 

2 

3 

6 

Taper of kcy=U 4 " in 12". 
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mFFERENT STANDARDS FOR WIRl^ GAUGES 

IN USE IN THE UNITED STATES 


Dimension 3 (jf Siass in Dccimnl Parts rf an Inch •' 


Number of 
Wire Gauge 

American or 
Brown ft 
Sharpe 

^||l 

Washburn & 
Mcicn MfgCo. 
Worcester, 
Mass. 


Stubs' 
Steel Wire 

Number of 
Wire Gauge 

000000 

00000 

0000 

.46 

.454 

..3938 

• .464 
.432 
.400 

.... 

000000 

00000 

.,0000 

000 

.40964 

.425 

.3625 

•.372 

« . ■ • 

000 

00 

.3648 

.38 

.3310 

.348 

.... 

00 ' 

0 

.32486 

.34 

.3065 

324 


0 

1 

.2893 . 

.3 

.2830 

.300 

.227 

* 1 

2 

.25763 

.284 

.2625 

.270 

.219 

2 

3 

.22942 

.259 

.2437 

.252 

.212 

3 

4 

.20431 

.238 

.2253 

.232 

.207 

4 

5 

.18194 

.22 

.2070 

.212 

.204 

5 

6 

. 16202 

.203 

.1920 

.192 

.201 

0 

7 

. 14428 

.18 

.1770 

.176 

.199 

7 

8 

.12849 

.165 

.1620 

.160 

.197 

8 

9 

.11443 

.148 

.1483 

. 144 

.194 

9 

10 

.10189 

.134 

.1350 

.128 

.191 

10 

11 

.090742 

.12 

.1205 

.116 

.188 

11 

12 

.080808 

.109 

.1055 

.104 

.185 

12 

13 

.071961 

.095 

.0915 

.092 

.182 

13 

14 

.064084 

.083 

.0800 

.080 

.180 

14 

16 

.057068 

,072 

.0720 

.072 

.178 

15 

16 

.05082 

.065 

.0625 

.064 

.175 

16 

17 

.045257 

.058 

.0540 

.056 

.172 

17 

18 

.040303 

.049 

.0475 

.048 

.168 

18 

19 

.03589 

.042 

.0410 

.040 

.164 

19 

20 

.031961 

.035 

.0348 

.036 

.161 

20 

21 

.028462 

.032 

.03175 

.032 

.157 

21 

22 

.025347 

.028 

.0286 

.028 

.155 

22 

23 

.022571 

.025 

.0258 

.024 

.153 

23 

24 

. .0201 

.022 

.0230 

.022 

.151 

24 

25 

.0179 

.02 

.0204 

.020 

.148 

25 

26 

.01594 

.018 

.0181 

.018 

.146 

26 

27 

.014195 

.016 

.0173 

.0164 

.143 

27 

28 

.012641 

.014 

.0162 

.0149 

.139 

28 

29 

.011257 

.013 

.0150 

.0136 

.134 

29 

30 

.010025 

.012 

.0140 

.0124 

.127 

30 

31 

.008928 

.01 

.0132 

.0116 

.120 

31 

32 

.00795 

.009 

.0128 

.0108 

.115 

32 

33 

.00708 

.008 

.0118 

.0100 

.112 

33 

34 

.006304 

.007 

.0104 

.0092 

.110 

84 

35 

.005614 

.005 

.0095 

.0084 

.108 

35 

36 

.005 

.004453 

.004 

.0090 

.0076 

.106 

36 

37 

• ■ * » 


.0068 

.103 

37 

38 

.003965 

« e • • 

■ a 4 ■ a 

.0060 

.101 

38 

39 < 

.003531 

m m m 9 

a a . . • 

.0052 

.099 

39 

40 

.003144 

«... 

1 

.0048 

.097 

40 
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DIFFERENT STANDARDS FOR WIRE GAUGES 

. IN USE IN THE UNITED STATES 


Dimensiona Sigew in Deeimal Farts of an Inch 


dumber of 
Wlie Gauge 



Umdon Gauge 

U. S . Standard 
for Plate 

Number of 
Wire Gauge 

000000 




.46875 

000000 

00000 




.4375 

00000 

0000 ‘ 



.454 

.40625 

0000 

.<joo 



.425 

.375 

000 

00 



.380 

.34375 


0 


.0578 

.340 

.3125 

0 

1 


.0710 

.300 

.28125 

1 

2 

.0106 

.0842 

.284 

.265625 

2 

3 

.0114 

.0973 

.259 

.25 

3 

4 

.0122 

.1105 

.238 

.234375 

4 

6 

.0138 

.1236 

.220 

.21875 

5 

6 

,0157 

.1368 

.203 

.203125 

6 

7 

.0177 

.1500 

.180 

.1875 

7 

8 

.0197 

.1631 

.165 

.171875 

8 

9 

.0216 

.1763 

.148 

.15625 

9 

10 

.0236 

.1894 

.134 

.140625 

10 

11 

.0260 

.2026 

.120 

.125 

11 

12 

.0283 

.2158 

.109 

.109375 

12 

13 

.0303 

.2289 

.095 

.09375 

13 

14 

.0323 

.2421 

.083 

.078125 

14 

15 

.0342 

.2552 

.072 

.0703125 

15 

16 

.0362 

.2684 

.065 

.0625 

16 

17 

.0382 

.2816 

.058 

.05625 

17 

16 

,04 

.2947 

.049 

.05 

18 

10 

.042 


.040 

.04375 

19 

20 

,044 

.3210 

.035 

.0375 

20 

21 

.046 


.0315 

.034375 

21 

22 

.048 

.3474 

.0295 

.03125 

22 

23 

.051 


.027 

.028125 

23 

24 

.055 

.3737 

.025 

.025 

24 

25 

.059 


.023 

.021875 

25 

26 

.063 

.4000 

.0205 

.01875 

26 

27 

.067 


.01875 

.0171875 

27 

28 

.071 

.4263 

.0165 

.015625 

28 

29 

.074 


.155 

.0140625 

29 

30 

.078 

.4520 

.01375 

.0125 

30 

31 

.082 


.01225 

.0109375 

31 

32 

.086 


.01125 

.01015625 

32 

33 



.01025 

.009375 

33 

34 



.0095 

.00859375 

34 

35 



.009 

.0078125 

35 

36 



• 0075 

• W 0 V 4L mV 

. 00703105 

36 

37 



.0065 

• Vw f W A WV 

. 006640625 

37 

38 



.00575 

.00625 

38 

39 



.005 

39 

40 



.0045 


40 
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Twist Drill Gauge Sizes 


No. Drill 

Decimal Sizes 

No. Drill 

• 

Decimal Slses 

1 

.2280 

31 

.1200* 

% 

.2210 

32 

.1160 • 

3 

.2130 

33 

.1180 • 

4 

.2090 

34 

.1110 

5 

.2055 

85 

.1100 . 

6 

.2040 

36 

.1065 

7 

.2010 

37 

.1040 

8 

.1090 

38 

.1015 

9 

.1960 

39 

.0995 

10 

.1035 

40 

.0980 

11 

.1910 

41 

.0960 

12 

.1890 

42 

.0935 

IS 

.1850 

43 

.0890 

14 

.1820 

44 

.0800 

15 

.1800 

45 

.0820 

16 

.1770 

46 

.0810 

17 

.1730 

47 

.0785 

18 

.1695 

48 

.0760 

19 

.1660 

49 

.0730 

20 

.1610 

50 

.0700 

21 

.1500 

51 

.0670 

22 

.1570 

52 

.0635 

23 

.1540 

53 

.0595 

24 

.1520 

54 

.0550 

25 

.1495 

55 


26 

.1470 

56 

.0465 

. 27 

.1440 

57 

.0430 

. 28 

.1405 

58 

.0420 

29 

.1860 

59 

.0410 

30 

.1285 

60 

.0400 


Letter Sizes 


A .234 

H .266 

O .816 

G .868 

B .238 

I .272 

P .328 

V .877 

C .242 

J .277 

Q .832 

W .886 

D .246 

K .281 

R .889 

X .807 

E .250 

L .280 

S .848 

Y .404 

F*.267 

G .261 

mmJU. .. 

M .285 

N .802 

T .858 

Z .418 


3017 












Sizes of Drills to be used with. V Thready 
Hand and Nut Taps 


size or Tap 

Size of DrUl 

Size of Tap 

Size of Drill 


A 

iiX9 

H 

AXIS 

if 

1 X8 

if 


it 

1J4X7 

if 


H 

1J<X7 


J4X 12 

ii 

IJ^XS 


AXIS 

H 

ij^xe 


«X11 


l^Xfi 


«xu 

A 

l^^XO 


JiXlO 

it 

1KX4M 


« X 10, 

ii 

« X4H 


^x 9 

if 




Formula for finding proper size of Drills for all pitches of V 
Threads: 


Example: ^ X 10 Tap. 


1.400 -i- 10= .140 — .750 = .610, size of Root Diameter, or size of Drill 
to be used. 

Note. — ^For U. S. Standard Threads use same formula except use 1.3 
of pitdi instead of 1.4. 
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TABLE OF EUERT WHEEL SPEEDS. 


Diam. 

'WhooL 

Rev. per Minute 
for 

Surface Speed 
of 4,Q00 iieet. 

R<‘v. per Minute 
for 

Surface Speed 
of 6,100 Feet. 



.Rev. per Minute 
• for 

Surface Speed 
of 6,000 l^t. 

1 Inch. 

15,270 

10.090 

29.918 

2 


7,030 

.0,540 

11.460 

;) 


5,003 

• 6.300 

7.030 

4 


8,«20 

4.775 


5 


3,056 

3.S20 

4,584 

6 

• ft 

2,540 

3,183 

3, sab 

7 


2,183 

2.728 

8.274 

8 


1.010 

2.387 

2.805 • 

10 

fti 

1.528 

1 1,910 

2.202 ft 

12 


1.273 

1.59:5 

• 1,010 

U 

•ft 

1.001 

1.304 

1,637 



960 

1.104 

1.4.'M . 

1& 


840 

1.001 

1,813 



704 

953 

1,146 

22 

It 

604 

8t>d 

1,042 

24 


637 

700 

955 

26 

• ft 

680 

713 

870 

28 

ft 

540 

683 

810 

ao 

i» 

500 

037 

704 

;i2 

i> 


606 

716 

84 

tl 

440 

661 

674 

80 

•ft 

424 

631 

637 

:)a 

•ft 

4(tt 

5to 

603 

40 

• ft 

;483 

478 

573 

42 

•ft 

304 

465 

646 

44 

•ft 

847 

434 

621 

40 

•• 

332 

416 

49B 

40 


818 

307 

477 

00 

!• 

3U0 

3H3 

460 

S2 

ftft 

204 

860 

441 

64 

ftl 

283 

354 

426 

66 

Ift 

973 

S4l 

410 

68 

ftft 

204 

330 

806 

60 

• ft 

255 

310 

803 


THE SPEED OF DtULLB. 
Cleveland Twist Drill Co. 


Diaoi. 

•of 

Drill. 

Speed 
for Soft 
Steel. 

speed 

for 

Iron. 

Sp3ed 

Brass. 

Dlaa. 

of 

Drill. 

Speed 
for Soft 
Steel. 

Iron. 

V 

Brasx 

iV 


2,128 

3.648 

lf'« 

108 

125 

216 



1.004 

1,824 


102 

ms 


A 


710 

1.216 


00 


lot 

H 

456 

.633 

912 

n2 

01 


10 

X 

865 

425 

730 

lA 

87 


174 


304 

*365 

008 


88 

97 

105 

n 

200 

804 

620 

lA 

80 

98 

160 


228 

200 

450 

IH 

76 

60 

152 


203 

236 

405 

nv 

73 

86 

145 



213 

365 


70 

82 

140 



104 

332 


06 

TO 

136 

H 

■iB 

177 

301 


65 

TO 

130 


BP| 

104 

280 

■OH 

63 

U 

125 



162 

200 


00 

71 

vaz 

fl 


142 

243 


60 

00 

113 

•1 

114 

133 

no 

mm 

57 

67 

114 
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Table of Allowances for Grinding 


Length 

y 

D 

a 

12 ^ 

15 ' 

18 ' 

24 ' 

30 ' 

36 ' 

42 ' 

48 ' 

' Oiam. 

.010 

.010 

.010 

mg 

.015 

.015 

.015 

.020 

.020 

.020 

Bl 

m 

BO 

.010 

.010 

.010 

.015 

.015 

.015 




.020 

1 

.010 

.010 

.010 

.015 

.015 

.015 

.015 

.020 

020 

.020 

.020 

VA 

.010 

.010 

.015 

.015 

.015 

log 

.015 

.020 

020 

.020 

El 

VA 

.010 

.015 

.015 

.015 

.015 

.015 

.020 

.020 

020 


.020 

2 

.015 

,015 

.015 

.015 

.015 

.020 

.020 

020 

.020 


.025 

2K 

.015 

.015 

015 

.015 

.020 

.020 

.020 

.020 

.020 

.025 

.025 

2 A 

.015 

,015 

.015 

.020 

.020 

.020 

.020 

020 

.025 

.025 

.025 

3 

.015 

.015 

.020 

.020 

.020 

.020 

.020 

.025 

B 

.025 

.025 

3 A 

.015 

.020 

.020 

.020 

igi 

.020 

.025 

.025 

.025 

.025 

.025 

4 

.020 

.020 

.020 

.020 

.020 

.025 

.025 

.025 



.030 


.020 

.020 

.020 

.020 

.025 

.025 

.025 


.025 

.030 

.030 

5 

.620 

.020 

,020 

.025 

.025 

.025 

.025 



.030 


6 

.020 

.020 

.025 

.025 

.025 

.025 

.025 

0^ 

.030 

.030 

.030 

i 

.020 

.025 

.025 

,025 

.025 

.025 

,030 

030 


.030 

.030 

8 

.025 

.025 

,025 

.025 

.025 

.030 

.030 


.030 


.030 

9 

.025 

.025 

.025 

.025 

.030 

.030 

.030 


.030 


.030 

10 

.025 

.025 

.025 

. 030 , 

.030 

.030 


.030 

.030 


030 

11 

.025 

.025 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

-030 

030 


.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 



■ 
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WEIGHT IN POUNDS OF A LINEAL FOOT OF ROUNb/^ASE 
AND OCTAGON STEEL 


Size 

in 

Inches 

Round 

. Octagon 

Square 

Sice 

in 

Inches 

Round 

• 

/ 

Octagon 

Square 


.010 

.011 

■01 

2H 

16.79 

17.71 

21 37 


.042 



2H 

18.51 

19.52 

23.56 

fit 

.094 



254 

• 20.31 

21.42 

25.86 

M 

.168 


.214 

2K 

22 20 

23.41 

28.27 


.262 


.334 


24 17 

25.50 

*30.78 

H 

.378 


.491 


26.23 

27 66 

33.^ 

Ms 

.514 


.655 


28 37 

29 92 

36.12* 

H 

.671 

.708 

.855 


30.59 

32 27 

38.95 

Ms 

.850 

.896 

1 082 


32 .90 

34 70 

41.89 


1 049 

1.107 

1.336 

3»4 

35.29 

37 23 

■44.94 

iMs 

1.270 

1.339 

1 616 

3»4 

37 77 

39.84 

48.09 


1 .511 

1.594 

1 .924 


40 33 

42 54 

51.35 

»Ms 

1.773 

1.870 

2.258 

4 

42.97 

45 33 

■ 54.72 


2 056 

2.169 

2.618 

454 

48.51 

51.17 

61.77 

^Ms 

2.361 

2.490 

3.006 

45^ 

54 . 39 

57.37 

69.25 

1 

2.686 

2 833 

3 420 

454 

60.60 

63.92 

77.16 

IH 

3.399 

3.585 

4.328 

5 

67.15 

70.83 

85.50 


4.197 

4.427 

5.344 


.74 03 

78.08 

94 26 

ira 

5.078 

5 356 

6.466 


81 25 

85 70 

103.45 


6.044 

6.374 

7.695 

554 

88.80 

93.67 

113.07 


7.093 

7.481 


6 

96.69' 

101.99 

123.12 


8.226 

8.674 

10.474 

7 

131.61 

138 82 

167.58 

iy% 

9.443 

9 960 

12 023 

8 

171 .90 

181.32 

218.88 

2 

10.744 

11.332 

13.680 

9 

217.57 

229.48 

277.02 

2H 

12.129 

12.793 

15.443 

10 

268 60 

283.31 

342 00 

2^ 

13.598 

14 343 

17.314 

It 

325.01 

342.80 

413 82 

2H 

15.151 

15.981 

19.291 

12 

386 79 

407.97 

492.48 


PROPORTIONATE WEIGHT OF CASTINGS TO WEIGHT OF 
WOOD PATTERNS 


A Pattf.r.n' Weighing One 
Pound, Made op 
fLr<;s Weight of Core Prints) 

Cast 

] rf ill 

Hr.iss 

Cuppei 

1 

] 

Rron e 

Bell 

Metal 

Zinc 

Pine or Fir. 

16 

15 3 

16.7 

m 

17.1 

13.5 

,Oak 


10 1 

10.4 

m 

10.9 

8.6 

Bccch ...» 


IT) 9 

11.4 

■m 

11.9 

9.1 

Linden 


15.1 

16.7 

m 

16.3 

mSSm 

Pear 


11.5 

■n 

11.8 

12 4 

m 

Birch ) 


11.9 

ISI 

12.2 

12.9 

m 

Alder 


14.3 

In 

14.7 

15.5 

m 

Mahogany 

11.7 

13.2 

m 

13 5 

11.2 

m 

Brass. 

0.85 

0.95 

M 

0 98 

1.0 

m 


1021 



























ALLOWANCES FOR FITS IN AUTOMOBILE CONSTRUCnON 


* Fits in automolule construction can be divided into, i 

Force Fits. \ 

To be used^ parts where disassembling will hardly be required, and which are 
assembled by Vneans of hy(j[raulic or screw presses, or when hot 

^RIVING Fits. 

To be used in parts where close adherence is required, but which must be as em- 
blod and disassembled with no other help than .in ordinary hammer, suth as fly- 
wheels, gear wheels, ball-bcafing inner races,' etc. 

PesH Fits. 

To be used in parts without* relative motion in actual work but which must 
have sufficient freedom to be assembled by hand; such as bolts, slip joints, bal!- 
» bearing outer races, etc. 

Runmin’g Fits. 

To be used in parts possessed of relative motion in normal running, ihc.->o can 
be subdivided into, 

Easy Fits; where great freedom of running is required with po=;£ibility of .^cant 
lubrication, such as valve guides, control connection:!, clutch shafts, etc 

Clo^e Fiis ; to be used in all high-speed work .and especially the engine and transr 
mission 

Fine Fits ; to be used in parts where great accuracy is required or where, while 
the motion is slight the stresses arc of an alternating or vibratory nature, such 
as connecting rod small ends, steering connections etc ; efficient lubrn-ation 
must bo provided if the motion is frequently recurring 

Fit Allowances 

In the allowances given in the following the expansion of metals when of dilTerent 
nature or exposed to heat in a different degree, such as is the case in some parts of engine 
construction, has not been taken into account. 


Allowance 

Over 

N0.MINAL Diameter for Force 

Firs 


Nominal diameter 


V r 

2" 

3- 

Maximum ** 


0 50100 1 00200 

3 00-»00 

3 00600 

Minimum “ . . . . 



0.500:0 1 00150 

2 00500 

3 00450 

Allowance 

Over 

Nominal Diameter for Driving 

Fits 


Nominal diameter 


r r 

2" 

3* 

Maximum 


0.500.50 ■ 1.00 100 

1 00175 

I 002.50 

Minimum “ 


0.50025 1 00075 

1 00 100 

1 00150 

Allowa.vce 

Belo 

\v No.\iinal Diameter for Push 

Fits 


Nominal diameter 


r 1" 

2" 

.V 

Maximum > " 


0.49975 0 99050 

1 .99900 

2 99850 

Minimum . “ " 


0.49925 0.99900 1 

1 99S50 

2.99800 

ALLOWAi.CB Below 

Nominal Diameter for Run.ning Fits 

EASY FITS 


Nominal diameter 


V r 

2^ 

3* 

Maximum *' , 


0.49900 0 99R7S 

1 99825 

2.99800 

Minimum “ 


0.49800 0.99725 

CLOSE PITS 

1 .99650 

2.99575 

Nominal diameter 


r r 

2* 

3' 

Maximum " 


0 59925 0.99900 

1 99375 

2.99850 

Minimum ** 

Id 


0.59875 0.99800 

V PINB FITS 

1 .99750 

2 99700 

Nominal diameter 


4* r 

2- 

y 

Maximum “ 


, 0.59950 0.99925 

1.99925 

2.99900 

Minimum " 


0.59925 0.99875 

1 .99850 

2.99800 


For intermediate dimensions comparison between the size immediately below and that 
immediately above will give the safe allowances in each case. 
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FORBULA FOR CALCULATING LENGTH OF 

(DIAMOND CHAIN AND MFG. Cf .) 



(All Dimensions in Inches) 


f D « Distance bet'a'cen centers. 

A ^ Distance between limits of contact. 

R — Pitch radius of lar:ge sprocket, 
r Pitch radius of small sprocket. 

N - No. of teeth on large sprocket, 
ft -■ No. of teeth on small sprocket. 

P * Pitch of chain and sprockets. 

180^ H- a « » Angle of contact — large sprocket. 

180* -f- 8 sc ■> Angle of contact— small sprocket. 

i JR - r 

oc * Sin X> 

\ A ^ D Cot oc 

Total leogth of chain. 

•180 -4- a CO 180 — s QC 

If 1- 360 N P H- 360 ft P -I- sD Coi sc 




Engiipe Lathe Gearing for Gutting Threads 

Refer to the screw cutting tnhie and see what number of turns to an inch 
is cut with e^ual gears. This number Ls the nuinher of turns to an inch that 
we assume the lead scrcw|has, no matter what its real number of turns to an 
inch is. 

Simple Gearing. 

Write the number of turn.s to an inch of the lead .screw above a line, and 
the number of ti)rn.s U> au ihcK of the screw to be thi ended below the line, thus 
expressing the ratio in the form of a fraction, the lead screw being the tiumer- 
ator and screw to be threaded the denominator.^ Now find an equal fraction 
iif terms that represent niinibor.s of teeth in available gears. The numerator 
of this new fraction will be the spindle or stud gear and the denominator the 
lead screw gear The new fraction is usually found by multiplj'ing the num- 
erator and deiiomiiiatar of the first fraction by the .same number. 

ExAMPi-E—Rcquircd to cut a screw having 11 threads per inch. We find 
on the index that 48 to 43 cuts 4 threads per inch then 

rut the 24 tooth ^ear on the stud and the (itt tooth gear on the Lead screw to 
Cut'll^ threads per inch. 

Any multiplier may be used to obtain gears that are available. 

Compound Gearing. 

Write the number of turns to an inch of the lead screw as the numer.'.. . 
of a fraction and the turns of the screw to be threaded as ihc denominator. 

Factor this fractioQ into an equal compound fraction. 

Change the terms of this compound fraction either. by multiplying or 
dividing into another equal compound fraction whose terms represent num- 
bers of teeth in available gears. 

Then the two terms in the numerator represent the number of teeth in the 
gears to be used as drivers and those in the denominator the gears to be used 
as driven gears. 

Example— R equired to cut a screw having inches lead or turns to an 

inch, Lc-'ad screw is inches lead or % turns to an inch. 

^ j ^4 ^13 ^xlS 

3 • U 1 x"i2 

Multiply numerator and demoninator by 5. 

^ ^ 1 X (12 X 5) 1 X 60 

, j , ■ . o. f24x2)xfi5 43x05 

Multiply numerator and denominator bv 24. 

(24 xl)x(i0 24x60 

The 43 tooth and 65 tooth gears will be the drivers and the 24 tooth and 60 
tooth gears the driven. 

Any multiplier may be used to obtain gears that are available. 


HOW TO USE CHART OF OSAR RATIOS, TIRE SIZES AND 
CRANKSHAFT REVOLUTIONS PER MINUTE 

Given the miles per hour, gear ratio, and tire sizes and the 
revolutions of a crankshaft per minute: For illustration, suppose 
the car is traveling at 80 miles per hour with 34-ipch tires and a 
gear ratio of 1 ,5 to 1. From the figure 80 move right to the inter- 
.section of the gear ratio Hue designed as 1.5. From this point move 
up to the diagonal of 34 inches. From this point move right to 
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BPkBBBBPWWlAw^^<ii9KP.i.iBi!^BSBBBBBBBBBBBBBBBBBI 
SiBBBBB^BBw>»r4!«:«;^<i:BT4Br.flBaBflBBBBBBBBBBBBr- 
BBBBP»iBP:4VV(^^a;^it:BraBflaBfiBBBB|aBaBBaBI 

apaBaia^aaB^iici^»:^i:p:4h:Bi:^aaaiaBaiBaBBBBBaBB 


BBBPSa 

BP^iaa 

Kmmmm 

BBaaa 

BBaaS 

aaPM 

Bpaaa 

^aaaa 

BBBaP 


•^Baaa 


BBi^lBB 

mmmw'M 

s- - 


iBB 
aaBBB 

IBBBBaBBB 

ia^iaB^iiA^»:^i:p:4h:Bi:^aaaBi 

caBBBP^aaaaLir^ci^w^B^KBki^aaiBBBaBaBBBBBBaB 
BBBBP;aaap;;iBap:i%B'4:^k;:^BBk:BCBaaBiBBaBBaBBBBB 
aBa^flBBPaaB^ak^VBBa^BBICBl^BBBBBaaBBBBBBBB 
aaMBBRaaB^aa^ki^i:'BB^kBfe:Bi;:BBaaaaflBBaBBBM 
p^aaap:aBB^Baf;4BB:iMi;^k:B:4i:Bi2BkBaBBaBBBBBBBB 
BBaai^flaa^aBMBakkB.i^BniSBi^BkBaaaBBflBaBBB 
aaa^BaBi^BBRiaBaaL^KjBa^kBi^Bii^Bii.^aaBaBaBBBB 

aUBBa^BBraflaBBBBaBiak.^BBk?Bi:*Bk;91k.^7BBBBBBB 
:4Baa^BBPjaBaaBaaaaK?£BLikBi;^a^prv«B;s^BaBBBi 
aBB^BaP^BBBaaBaaBBBkll^B.^kBiilVFC'ilk^^.'li^aBBBBB 

lk^BlhJf^^3i^?k^aii•!^aBai 

a^BBB3BBBBBaaBaaBaflakBw^i:fr\\a;^r1tw\:^k^.al^:^;BBB 
^BBB!^BBBBBiBBflBBiBBaBk'«Br^^J,:<;^5^.^:^Z>k^^’l^BBa 

B BBBBBBBBBBBBBBBBBsyrv,^^\B\^k^BkBBk:B 
aBBBBBBBBBiBBBBBBk-r?:^%fiV^'^^B:iBk:Bik 

RaBBBBaaBBBBBBaBiiBBBBBBLrXBV?^k^a3k:BkBBklB 
aBBBBBflBBBBBBIBBBBBBBBBBB:iV::^k<Ji.lB^BkBBkB 
BBBBBBBBBBBBBBBBBBBBBBBBBkT^^Ji^B.iaklBkBBk 
aBBaBBBBflBBBBBBBBBBBBBBBBBk'J.^B^B^Bw^BIkBB 
BBBBBBBBBBBafllBBBBBBBBBBBBBilBikBkBB3Bk:« 


ir^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBKBk^Bk^BW'BkBB 


javoiiUrms msMiNurs of motor 


»the margin where the revolutions of the crankshaft speed per min- 
ute are shown ; 1,200 in this case. Given the crankshaft revolutions 
per minute, the tire diameters and miles per hour, find the gear 
ratio. Supposing the motor is turning over at 1,000 revolutions ^ 
per m^^ute, that 42-inch tires are iisckJ, and the car is traveling at ] 
50 miles per liour. Go left from the 1,000 on the right margin until ■ 
the intersection of .the 42-inch tire-size line. From this point go*' 
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to the iflterSPCtiOll of tho BO-mlle-per-hour horizontal line. The 
intersection of tlis line also cuts the gear ratio of 2.7 line, which is 
the gear ratio employed. 

Given crankshaft revoliftions per ininiite, size of tires and gear 
ratio, in order to find miles per liour, proceed as follows: Go left 
from crankshaft speed — say* 1,000 revolutions per minute — to tire 
size — say 2S-inch. From this point go up or down to intersection 
of gcaj ratio lino — say 1.5. Then go left to 55 miles per hour. Tf 
we hhve given crank.sliRft speed in revolutions per minute, miles 
per hour and gear ratio, the tire sizes may he obtained by going 
left from crankshaft speed to the intersection of the gear ratio line 
and thence up or down to the miles per hour, wJiich i>oint will mark 
the intersection of the required tire diameter. 


COMPARATIVE SCALE— Fahroilieit & Centigrade Thermometeis 



TEMPERATURE CONVERSION FACTORS 
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TIME PER 'MTt.g EXPRESSED Df MILBS, PER HOU)A 




50.00 
49.31 
48.65 

48.00 

47.37 
46.75 
46.15 
45.57 

45.00 

44.44 

43.90 

43.37 
4’. 36 
42. »5 
41.86 
41. ‘'S 

40.91 

40.9 1 

40.45 

40.00 
39.56 
39.13 
38.71 
38.30 
37.89 
37,50 
37.11 
36.73 
36.36 

36.00 
35.64 
35.29 

34.95 
34.61 
34.28 

33.96 



33.^64 

3^33 

3r.QS 

32.72 

32.43 

32.14 

31.86 

31.58 

31.30 

31.03 

30.77 

30.50 

30.25 

30.00 

29.26 
28.57 
27.90 
27.90 

27.27 
26.66 
26.08 

25.53 

25.00 
24.49 

24.00 

23.53 
23.07 
22.64 
22.22 
21.81 
21.42 
21.05 
20.69 

20.00 


ENGLISH .AND METRIC SPEED EQUIVALENTS 

To obtaio velocity in feet per second multiply the speed in miles per 

net sec.“Miles per hour z 1.466+ ■ * a 

0Sr4 pe?^-»“66 «• ««ond-88 ft. per mmate-0.447 

"“‘7 iSS: p1?Swi%%“4 5S?‘S^na-54.9 ft. per minut.-0.624 

mL pet*liour. 
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AFFKOXnilATE HORSEPOWER OF FOUR-CYOiE AUtOKOB^ ENGINES* 

Table of' Constanta for Variable Speeds and StrokA 

s 


Revolutions per Minute op Motor 


Stroke 
in Ins. 

500 

550 

600 

650 

700 

750 

8eo 

850 

900 

m 

1,000 

*•050 


*-•*50 

x,aoo 

s.oo 


.098 

.107 

.116 

■ 1*4 

■*34 

.143 

*53 

99 


.178 

.187 

.196 

' 1' 

.305 

V v 

9 9 S 


.1X0 

.130 

.130 

.140 

.151 

.1-60 

.171 

R ; . 

.190 

.300 

.310 

.330 

. 3^1 

K S 

950 


.135 

*33 

:*45 

.156 

.167 

.176 

.189 

B • 

.313 

.**3 

■*33 

.345 

*57 

K £ 

*•75 

■**3 

■*35 

.146 

■*S 9 

•* 7 * 

.184 

.196 

.ao8 

R ! . 

*33 

• 94'5 

.356 

370 

.a8a 

K T 

3.00 

■»34 

■*47 

.x6o 

*74 

.187 

.301 

*14 

.337 

*4* 

*54 

.367 

.379 

■ *94 

.308 

B 2 

3 -aS 

.145 

.158 

* 7.3 

.188 

.*03 

.2x9 

.33* 

.346 

.361 

*75 

.389 

■303 

• 3*9 

•333 


3 -So/./.. 

.156 

■173 

.186 

.303 

.318 

.*34 

.350 

.365 

.381 

.296 

.3** 

.336 

■343 

.359 

•375 

3 75 

.167 

,184 

.300 

.ai8 

■*34 

,353 

.366 

.384 

■30* 

■317 

•334 

■349 

.368 

•385 

.401 

4 00 

.178 

196 

-a *4 

.333 

■*49 

.368 

.385 

■303 

• 3 ** 

■339 

•356 

-373 

•399 

.4x1 

■ 4*9 

4.2s 

.189 

.308 

.337 

.346 

.364 

.385 

•303 

• 3 ** 

.341 

.360 

-378 

•396 

.416 

■436 

.456 

4 SO 

.300 

.330 

.340 

.261 

.aSo 

.305 

• 3 ** 

•341 

. 36 * 

381 

.400 

.419 

.44* 

.461 

.485 

4 75 

.313 

■*33 

■*S 3 

*73 

.395 

• 3*9 

■339 

.360 

.381 

.403 

- 4*3 

.443 

.466 

■ • j 

.509 


**3 

■*45 

.366 

.390 

3 ** 

•335 

■357 

•379 

.40X 

4*3 

445 

.466 

■ 49 * 


•536 


•*34 

•as: 

.379 

.304 

• 3*7 

■35* 

•375 

.398 

. 4*1 

-444 

-467 

.490 

■515 

1 ! : ■ 

■563 


-* 4 S 

.370 

*93 

.3*8 

■343 

.368 

•393 

•417 

.441 

-465 

-489 

■513 

•540 

■ ! : : 

.590 


.SS8 

.38a 

.307 

■ 33 * 

•369 

■ 38 s 

.410 

.436 

461 

.486 

.51a 

.536 

.564 


.616 


.368 

•394 

.330 

.348 

■375 

.403 

. 4*8 

•455 

■481 

.508 

535 

•SS 9 

.589 

.615 

•643 


Bore 
in. Ins. 

^ Square 
of 

Bore 

3.00 

4.0a 

s.as* 

3.06 

a.SP 

6.35 

•• 7 S 

7 . 53 

3.00 

9.00 

3^*5 

10.36 

3.50 

13.35 

• 3-75 

14. OS 

4.00 

x6.oo 

4 .aj 

xB.os 

■4.50 

30.30 

4.73 

* 1-53 

3.00 

85.00 

3 . *3 , 

37.50 

5 . 56 

30. so 

• 5-73 

33*05 


36.00^ 


Rule: — Multiply number to right of bore number in 
upper table at intersection , of proper R.P.M. and stroke 
columns. 

Example :-^Find approximate horsepower developed by 
motor having 4.S5' bore and 5* strolm at 8qo revolutions 
per minute. 

Under 4.35 bote we find 18.05. 

At -intersection of 5' stroke line and 8ee R.PJf. column 
in upper table we find .357. 

The product of these numbers gives the 'horsepower, 
-thus: 

Approximate norsepower-iS.os X.3S7 "6 45 H.P. 

These figures have been computed for the average M.E.P^ 
as found in the ordinary motor car engine, but of course 
will vary with increase or decrease in compression and with 
different mechanical efficiencies. 


*Por iAu1ti.eyllad«r msiact, multiply by 1 

formula givw H.P. for ooTy oao cyliaiir. 


nbor of cyttadsm Abowo 


302 ?) 



























Two<jcle Enginet 


D — Diamettf of cylinder in inches. L Stroke of piston in inches. R ■■ Revo- 
lutions per miniAe of crank shaft, n «> Number of cylinders. 


Authority roR Formula 


Constant or Divisor 

Roberts. Gas. 

D* X L y R X K 

14000 

Roberts. Gasoline. ' 

, D» X L X P X « 

1J300 

American Power Boat Asso- 
CUlirgi.* 

D» X » 

I 63 

=» 2 .1008 

7^54 

Same for less than 6 finches 
stroke. 

D^X Lx n 

12 X .85 

-*12 .987 

X 7SU 


♦The above arc for automobile racing boat engines: (of others the rating is taken 
as two-thirds uf the above formulas. For engines having a displacer cylindei or 
cylinders -the above rating is increased in the ratio that the displacer piston's displace- 
ment bears to that of the working cylinders. 


INDICATED HORSEPOWER 


On account of the great difficulty of securing good indicator card5 at ttie high-piston 
and rotative speeds of automobile motors this is very little employed. The manograph 
which is employed for obtaining cards or diagrams from high-speed motors, as a general 
thing does not have an equal pressure scale and therefore does not readily lend itself 
to the accurate determination of I. H. P. 

The indicated H. P. may of course be determined approximately by assuming a 
certain mechanical efficiency for the motor under consideration. This varies from 
as high as 90 per cent, in some cases to lower than 70 per cent, in others; the average 
would probably be not far from 80 per cent. 

The fomfbla for I. H. P., the. bore and stroke being known as well as the R. P. M. 
and the mean effective pressure, is, 

I>* X L X i?. P. M. XnX M. E. P. - /. P. (for 4-cycie). 

33.000- X 13 X a 


.7054 

D* X L X n X M. E. P. -x R. 

This constant equals 550,000 and the formula becomes - ■ — ■-■ — ■■■- ■ ■ ■ 

550,000. 

The constant for s-cycle is 375^000. 

A formula which is given by Grover for the mean effective pressure, the compression 
being known, is as follows: 

A/. E. P, - aC - o .01 C» 

C — Compression pressure above atmosphere in pounds per square inch. 

This formula does not hold good for compression pressures over 100 pounds per 
square inch above atmosphere. Comparatively recent data seems to prove the reliability, 

thi^ formula, also the fact, whicli Grover points out, that under' favorable con- 
ditions. the values given by this formula may be slightly exceeded. Tests with higher 
pressures than xoo pounds show that the M, H. P. tends to remain at xoo pounds per 
square inch. 

The compression pressure may be obtained by some form of gauge, the ignition 
for that cylinder being cut off, or in case the volume of the explosion chamber is known 
it may be obtained from the formula. 

Pk‘:" -• Constant. P being the absolute pressure. 

V being taken in the one case as the volume of the combustion chamber and in the 
other as the above plus the piston displacement. P being in one case atmospheric 
pressure and in the other the absolute compression pressure. Of course for C in Grover's 
formula the assumed atmospheric pressure should be subtracted from the result ob- 
tained by this formula. 


1030 
















COMPRESSION PRESSURE Wif H DIFFERENT 
CYLINDER CLEARANCES 


Cylinder 
Clearance, 
in Per Cent, 
of Piston 
Dis- 
place- 
ment 

Mecdianical 

CoiMtession 

Ratio 

Compression Pressure, 
Pounds per Sqtiare 'ln<^ 
Absolute 

L_! 

■1 

Medium 

High 

20 

. 6. 

100 

130 

154 

21 

5.76 

95 

125 

145 

22 

5.55 

91 

120 

138 

23 

5.35 

87 

115 

132 

24 

5.17 

83 

110 

126 

25 

s. 

80 

105 

121 

26 

4.85 

77 

ioi 

116 

27 

4.70 

74 

97 

111 

28 

4.57 

71J 

94 

107 

29 

4.45 

69 

90 

103 

30. 

4.33 

67 

87 

99 

31 

4.23 

65 

84 

96 

. 32 

4.125 

63 

81i 

93 

33 

4.03 

614 

79 

91 

34 

3.94 

60 

77 

88 

35 

3.86 

58 

75 

85 

36 

3.78 

56J 

73 

83 

37 

3.70 

55 1 

71 

81 

38 

3. *63 

54 

69 

79 

39 

3.56 

53 

67* 

77 

40 

3.5 

52 

66 

75 


Computed by Cecil P. Poole. 
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nXUSXRATIIlG METHOD OF CALCULATIHG GRADE PERCENTAGES 


If it be assumed that the base of the triangle represents a line i ,000 feet 
long and that the first sloping line represents a road having a rise that brings 
it 50 feet above the starting point, this is figured as 50 feet in a thousand, 
or s per cent. In other words, one foot of rise for every 20 feet, but the 
latter instance does not mean distance actually traveled by a car in ascending 
such a slope, but distance measured horizontally with reference to that 
slope. The grade is measured by the tangent of the angle of inclination 
dnd not by its sine, so that a grade which represents 100 per cent, corre- 
sponds to an angle of inclination of but 45 degrees, and not 90 degrees, or 
perpendicular, as is commonly supposed. At the upper of the next 
sloping line the elevation would amount to 665 feet, which is equivalent to a 
rise of one foot for every 6} feet traveled horizontally. So one in three corre- 
sponds to a 33 1-3 per cent, grade, oiie in two to a 50 per cent, grade, and so 
on until a xoo per cent, grade is reached, which, as noted, is the equivalent of 
a 45 degree angle. 
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TABLE OP GRADIENTS 




GRADE 

m 

i 

Equal to 

Angle of 

• 

Rise or FaU 
in One Mile. 

Feet 

Per Cen? 

Units 

3C 

1 in 5 

11® 19' 

• 

lost ^ 


I " 6 

g® 36' 

8S0 • 

I 4 

I 7 

8® eg' 

754 

*a 5 

1 - 8 

7® 08' 

635 

1 1 

* 9 

6® 17' 

536 

tc 

X " ro 

5 “ 43' 

538 

t; 

i " 1 1 

5® X l' 

480 

& 

i “ 13 

4 ® 46' 

440 

7-75 

» “ M 

4 ® 34' 

406 

? 

1 “ 14 

4* 05' 

337 

6 i 

* “ 

3“ 49' 

35 » 

6.25 

i “ i6‘ 

3 ° 35' 

330 

6 

* “ 17 

3“ aa' 

3 »o 

S -5 

X “ lii 1 

3 ® 11' 

393 

5 

1 “ 19 

3® 00' 

*77 

5 

1 '■ 20 

2® S 3 ' 

204 

4 

1 “ as 

9 ® xB' 

3 x 8 

3 3 

1 " 30 

1 ® 55 ' 

*55 

9 ft I 

1 " 35 

1“ 3»' 

iSi 

a 5 

1-40 

1® 26' 

vja 
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